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LTHOUGH the nature of the process resulting in cardiac hypertrophy 
A is incompletely understood; the more accepted theory is that hypertrophy 
usually follows increased work. This view is most convincingly supported by 
clinical and necropsy studies. Work hypertrophy, according to this view, is 
similar to the physiologic growth of muscle. The investigators supporting this 
theory believe that the hypertrophied heart muscle probably received an ade- 
quate blood supply and was relatively free of an inflammatory process during the 
development of the increased muscle weight. 

The inability to explain the observed cardiac hypertrophy in some cases 
even after careful clinical and post-mortem studies has resulted in the concept 
that cardiac hypertrophy in many instances may not be due solely to increased 
work. Numerous hypotheses in addition to increased work have been proposed 
to explain cardiac hypertrophy. Some investigators believe that in some cases 
decreased blood supply or myocardial inflammation may result in ecardiae hyper- 
trophy. This ‘‘injury theory’’ of Horvath' has been supported by both experi- 
mental and clinical studies. 

It has been suggested? * that dilatation is the stimulus resulting in cardiac 
hypertrophy, whether the cause of the dilatation follows increased work, 
ischemia, or inflammations. Eyster* > has made very significant experimental 
studies regarding the relationship of dilatation to cardiac hypertrophy. He ob- 
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served that dilatation always precedes hypertrophy in the experimental animal. 
He further pointed out that a relatively brief period of dilatation (three to six 
‘days) might result in a degree of hypertrophy equal to that seen with experi- 
mental aortic valve defects or stenosis. In further studies Eyster produced 
temporary cardiac dilatation by increasing the blood volume in rabbits that 
resulted in increased heart weights. Herrmann and Decherd® were unable to 
confirm the latter experiment in a recent study. 

Davis and Blumgart,? in the study of a small number of cases, offer further 
evidence to support the ‘‘injury’’ concept; they found that those patients pre- 
senting congestive failure had hearts weighing more than those without failure. 


9? 


The hearts in their study with severe coronary sclerosis were heavier than those 
with only a mild degree of coronary sclerosis. 

Cardiae hypertrophy has not been noted in experimental cardiac infarction 
in dogs (Sutton and Davis‘) nor has it been observed in serial roentgenologic 
examinations in individuals thought to have a normal-sized heart at the time 
they experienced a coronary thrombosis (Horine and Weiss*). Gross® failed to 
observe any constant relation between coronary sclerosis and myocardial fibrosis. 
Miller and Weiss’® believed that in case of gradual occlusion adequate collateral 
circulation develops which may forestall hypertrophy. Clawson’! has empha- 
sized that ischemia due to narrowing of the coronary orifices in syphilitic 
aortitis failed to produce hypertrophy when unassociated with valvular in- 
sufficiency. He further points out that any hypertrophy observed in those hearts 
having coronary sclerosis is more likely to be due to an associated hypertension 


found in a large percentage of cases than to the coronary sclerosis alone. In a 
eareful study of 420 post-mortem records, Bell and Clawson’? found coronary 
sclerosis more frequent in hypertensive than in nonhypertensive individuals and 
believe there is little evidence to support the concept that hypertrophy is found 
in an ischemic muscle. Bean'* noted hearts with infarets were usually enlarged 
when associated with hypertension. 


Assuming that ischemia due to coronary sclerosis, congestive failure, or 
myocardial damage might produce cardiac hypertrophy, it would seem probable 
that with a severe degree of coronary sclerosis, congestive heart failure, or 
myocardial fibrosis, the heart would become unusually large; it would be 
relatively small with only a mild degree of sclerosis or failure. This study was 
conducted to investigate this point of view. 


MATERIAL 


The reports of 1,645 autopsies performed at Ancker Hospital were studied. 
In this group 411 patients were found to have some degree of coronary sclerosis. 
The post-mortem examinations were done under the direction of Dr. John F. 
Noble or by myself. It is advantageous to secure the material for a study of 
this type in which the descriptions of the arteries conform to a uniform pat- 
tern, so that the investigator might judge with some accuracy the degree of 
sclerosis indicated. In order to make an adequate study of post-mortem records 
one must be familiar with the terminology used by the observer in recording 
the autopsy. The exact inference of the terms used to describe the coronary 
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vessels or myocardium is as important as the care with which the post mortem 
is performed. It is not sufficient in reviewing records to assume that they are 
well done or that the descriptions are complete. The records reviewed in this 
study were dictated in a uniform pattern with which I am intimately familiar. 







Age.—Coronary sclerosis was noted in the older age groups, ranging from 
29 to 102 years of age. The majority of cases were found in the fifth to the 
seventh decades. 







Sex.—In this series of 411 patients with coronary sclerosis, 305 were male 
and 106 female. The ratio is about 3 males to 1 female. In the autopsy ma- 
terial from this department, 2 males are autopsied to 1 female 









EVIDENCE FOR HYPERTENSION 





An increase in either systolic or diastolic blood pressure above normal or 
arteriosclerosis of the kidney, and sometimes characteristic eye-ground changes, 
were considered sufficient evidence to explain an increased heart weight. In 
most instances several of these conditions occurred together, and in no instances 
were eye-ground changes alone the only evidence of hypertension. In this study 
the proponents of the theory that coronary sclerosis produces increased heart 
weight are given the benefit of any existing doubt, since in those patients in whom 
blood pressure could not be obtained (traumatic or terminal) and who were 
found to have coronary sclerosis, the increased heart weight was attributed to 
the coronary disease. The weight increase might well be due to an existing 
hypertension without arteriosclerosis. 

Weight of Hearts—A heart weighing over 400 Gm. in the male and 350 
Gm. in the female has been genérally accepted as increased in weight (Smith's). 
Bell and Clawson’? used a much higher figure to remove any doubt as to the 
presence or absence of hypertrophy. In this study I have reached a compro- 
mise position. A heart weighing over 450 Gm. in the male and over 400 Gm. 
in the female is considered to be hypertrophied. 

Grading of Coronary Sclerosis—The coronary vessels were graded from 
I to IV, depending on the degree of interference of their lumina. The usual 
yellow plaques observed in elderly individuals were considered to be insignificant 
if they did not protrude into the lumen of the vessel. Grade I sclerosis produced 
only the slightest interference with the blood supply of the muscle, and those 
with grade IV sclerosis had only pin-point lumina. Calcification of the coronary 
arteries was observed to accompany frequently the more mild degree of narrow- 
ing of the vessels. Thrombi in the coronary vessels were studied as to site and 
their association with coronary sclerosis. 

Grading of Myocardial Fibrosis—Myocardial fibrotic changes were graded 
from both the gross and microscopic examinations. Grade I was necessarily a 
minimum amount while grade IV represents a maximum amount of scarring. 
Frequently grades I and II fibrosis can be found in the microseopie examination 
and apparently are confused with fat in the gross specimen. There did not 
always seem to be a precise correlation between the degree of coronary sclerosis 
and the amount of fibrosis present. 



































1242 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


It should be remembered that in the routine post-mortem examinations one 
does not dissect the entire heart muscle or secure sections from sufficiently 
numerous areas to be entirely certain that fibrotic patches are not present. In 
most laboratories the pathologist examines the most superficial portion of the 
septum and several cut surfaces of the left ventricle. A careful study of the 
entire heart often reveals surprisingly numerous areas of fibrosis. 

Heart Failure—The presence or absence of heart failure, as well as the 
degree of failure, was recorded. The more obvious signs of heart failure, such 
as edema, ascites, and hydrothorax, furnished a great deal of information, but 
of equal importance was careful gross and microscopic examination of the lungs 
and liver. Congestion of the lungs was noted to be somewhat proportional to the 
number of macrophages in the alveoli containing blood pigment. Similarly, 
the congestion about the central veins of the liver was considered an adequate 
index of heart failure. A correlation of the microscopic findings in the lungs 
and liver with the gross observations at the post-mortem examination enables 
one to classify the case as to the absence or degree of heart failure. Conse- 
quently it was graded as absent, mild, or severe. 


OTHER CAUSES OF INCREASED HEART WEIGHTS 


Coronary sclerosis was noted to be present in hypertrophied hearts whose in- 
creased weights were thought to be due to valve defects, adherent pericardium, 
hypertension, ete. In order to study the effect of coronary sclerosis alone on the 
heart weight, it was necessary to tabulate the average weight of hearts with 


coronary sclerosis alone in comparison to the average weight of hearts with 
coronary disease plus hypertension, adherent pericardium, or valve defects. 
Should coronary sclerosis alone fail to increase the weight of an observed group 
of hearts then one would likely consider its effect minimal in other hyper- 
trophied hearts in which coronary sclerosis coexists with hypertension, valve 
defect, or adherent pericardium. 


ISCHEMIA 


The effect of ischemia on cardiac weight can be studied by examination of the 
data in Charts 1, 2, and 3. In order to study the theory that ‘‘myocardial 
injury’’ due to ischemia might result in dilatation and subsequent hypertrophy, 
the eases were classified as to their various degrees of coronary sclerosis, ranging 
from grades I to IV. It was assumed that the hearts with severe sclerosis would 
have vessels with very small lumina, and hence the muscle would be quite 
ischemic. The ‘‘damage’’ due to the ischemia or previous infarets would pre- 
sumably produce hypertrophy according to the concepts proposed by Horvath.' 
It would then be logical to expect the hearts with severe coronary sclerosis to 
weigh more than those with minimal vessel changes. 

Chart 1 is a record of the entire group studied, representing 305 males and 
106 females with varying degrees of coronary sclerosis arbitrarily divided in 
grades I to IV sclerosis, depending on the degree of narrowing of the vessels. 
In these 411 patients coronary sclerosis is associated with all other possible 
eauses of hypertrophy. In the 52 most ischemic male hearts (grade IV) the 
average weight is seen to be 365 Gm. while the hearts with grade III sclerosis 
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weigh 408 Gm. Grade III cases, which should have less blood supply than 
those with grade II sclerosis, have an average weight of 429 Gm. A total of 
119 male hearts with grade I sclerosis weigh 415 Gm. These hearts are heavier 
than the apparently more ischemic group with grade III sclerosis. Examina- 
tion of the female patients tabulated in Chart 1 reveals those with grade IV 
coronary sclerosis have an average weight (367 Gm.) greater than those with 
grade I sclerosis (339 Gm.), but less than those with grade II and III sclerosis 
(386 and 382 Gm., respectively). 
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Chart 1.—Coronary sclerosis. All cases, 


Chart 2.—Heart weight with coronary sclerosis and hypertension. See Chart 1 for key. 





In Chart 1 coronary sclerosis is present with hypertension, adherent peri- 
cardium, valve defects, ete. It is apparent, however, that the weight of the 
heart is not related to the degree of observed coronary sclerosis and probable 
ischemia present. From these data the evidence points to the fact that the 
heart weight is dependent on factors other than coronary disease. The average 
weights of the hearts in various grades of sclerosis would seem to be a matter 
of chance selection. 

Several investigators have noted that hearts with severe coronary sclerosis 
and cardiac hypertrophy usually have an associated hypertension. It is also strik- 
ing that a group of hearts with coexisting hypertension and coronary disease 
(Chart 2) have an average weight greater than that of an unselected group of 
hearts (Chart 1), and that this weight is far in excess of that of a group of hearts 
with coronary sclerosis alone (Chart 3). The latter group in this study fail to 
show any evidence of an average increased weight due to coronary sclerosis alone. 
A comparison of these charts indicates that a heart with hypertension will likely 
be hypertrophied with or without coronary sclerosis, while those hearts with 
coronary sclerosis alone will likely be approximately normal in weight. In order 
to re-emphasize the causal relationship of coronary disease to hypertension 157 
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hearts are tabulated in Chart 2. In this group there is some clinical or an- 

atomic evidence of hypertension in addition to the sclerotic changes of the 
coronary vessels as observed in the post-mortem specimens. This study verifies 
Clawson’s™ opinion that there is a very close relationship between hypertension 
and coronary sclerosis. 


HYPERTENSION AND CORONARY SCLEROSIS 


Chart 2 is a study of those cases in which the heart weights might be due 
to either hypertension or coronary sclerosis, or both. From a study of this group 
the hearts (male) with grade IV sclerosis have an average weight of 523 Gm., 
which is somewhat more than those with grades III and II sclerosis (469 and 
486 Gm., respectively). The average weight of the 29 hearts with grade I 
coronary sclerosis and hypertension is 514 Gm., which is much greater than the 
more ischemic hearts with grades II and III sclerosis. 

There are 46 females tabulated in this group. In this series, those hearts 
with grade II sclerosis weigh 451 Gm., while those with grade IV sclerosis 
weigh 441 Gm. Hearts with grade III have an average weight of 4382 
Gm. as compared to an average of 438 Gm. with grade I coronary dis- 
ease. This would also indicate that the heart weight is unrelated to the muscle 
ischemia or ‘‘injury.’’ It would be assumed that the heart weights are influenced 
in this group by the presence of hypertension, since all grades of coronary 
sclerosis show a variable degree of hypertrophy. Ischemia apparently has little 
influence on the weights of hearts in the presence of an existing hypertension. 

Coronary Sclerosis Alone—A survey of the 159 male hearts reveals the 
average weight to be less than 372 Gm., which would not be considered a hyper- 
trophied heart in comparison to average adult male hearts in the material ex- 
amined in this department. It is also striking that the average weight of the 
hearts in this group is 50 to 75 Gm. less than those in Chart 2 that have an as- 
sociated hypertension. The average weight of the hearts studied in Chart 3 
is also considerably less than those in Chart 1 in which the heart weight might 
be due to coronary sclerosis plus hypertension, adherent pericardium, or valve 
defects. A comparison of these charts confirms Clawson’s opinion that hyper- 
tension is the likely cause of the increased heart weight in those cases with both 
hypertension and coronary sclerosis. 

A total of 208 hearts are tabulated in Chart 3 in which coronary sclerosis 
is the only possible cause of the increased heart weight. Additional factors that 
might produce hypertrophy were excluded after careful examination of clinical 
records and post-mortem studies. In this.group the effect of ischemia on cardiac 
weight can be correctly analyzed, since no other factor that might produce hyper- 
trophy is present. 


One would expect hearts with the more ischemic muscle to be the largest 
if coronary sclerosis produced hypertrophy. The average weight of 23 male 
hearts with grade IV sclerosis is 357 Gm., while the weight of the less ischemic 
hearts (grade III sclerosis) is 371 Gm. The 70 hearts with grade I sclerosis 
have an average weight of 349 Gm., while those with grade II sclerosis have 
an average weight of 334 Gm. 
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The average weight of the female hearts tabulated in Chart 3 is not pro- 
portional to the degree of coronary sclerosis present, nor are the hearts larger 
than the normal hearts encountered in this department. The heaviest hearts 
are found to have an average weight of only 371 Gm. (grade III sclerosis). 
These data fail to confirm the theory that ischemia, or ‘‘cardiac injury,’’ pro- 
duces hypertrophy, since the hearts with mild coronary disease are approx- 
imately the weight of those with severe coronary sclerosis. 

Davis and Blumgart have presented evidence to show that chronic con- 
gestive heart failure may in itself produce hypertrophy. The view is divergent 
to the common concept that congestive failure is seen in a previously hyper- 
trophied heart. 
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See Chart 1 








P Chart 3.—Heart weights in cases of coronary sclerosis without hypertension. 
or key. 
Chart 4.—The relation of chronic congestive heart failure to heart weight. 










CHRONIC CONGESTIVE FAILURE 






Chart 4 is a record of 222 patients showing some degree of coronary 
sclerosis associated with some degree of chronic congestive heart failure in 
some cases and no failure in others. Since in the preceding charts coronary 
sclerosis was found to have little influence on the heart weight, congestive fail- 
ure would be the only factor influencing the weight in these cases. Hyper- 
tension and the other usual causes of cardiac hypertrophy are not present in 
the cases studied in Chart 4. Should one assume that chronic congestive failure 
produces cardiac hypertrophy, then the hearts with severe failure should have 
an average weight greater than the weight of those with mild failure, while 
both should weigh more than the group with no gross or microscopic evidence 
of heart failure. 

Examination of the data shows the average weight of all the hearts to be 
from 50 to 75 Gm. less than those usually considered in the hypertension group 
in this department. The weights of the entire group approximate the weights 
of the hearts due to coronary sclerosis alone (Chart 3). The patients with se- 
vere heart failure weigh approximately the same as those with mild heart failure 
and those with no evidence of heart failure. There is little convincing evidence 
from this study that chronic congestive failure might produce cardiac hyper- 
trophy. 
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MYOCARDIAL FIBROSIS 


From an anatomic viewpoint one might observe the influence of ‘‘myo- 
cardial injury’’ by noting the effect of myocardial fibrosis on the heart weights. 
Fifty-seven patients have been classified in Chart 5 as to their degree of myo- 
cardial fibrosis and heart weights—all other possible causes of mereased heart 
weight have been excluded after a careful study of the clinical records and 
examination of both the gross and microscopic specimens. It is surprising that 
male hearts with grade IV fibrosis weigh less than those with grade I. The hearts 
with grade III fibrosis also weigh less than those with grade II fibrosis. Con- 
sideration of the data in regard to the male specimens would indicate that in the 
presence of myocardial damage the average weight is about equal to that of a 
normal heart. In the same chart the average weight of the female specimens 
inereased as the myocardial fibrosis became more severe. The material pre- 
sented adds no support to the theory that myocardial injury will produce cardiac 
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Chart 5.—-Relation of myocardial fibrosis to hypertrophy. 
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In this study only 25 persons were found to have thrombosed coronary 
arteries. Since the majority of these were found to have gross or microscopic 
evidence of hypertension, the number is too small to reach any conclusion in 
regard to the relation of thrombi and cardiae hypertrophy. 

The data in this material were examined by statistical methods. A compari- 
son of the average weights was shown to be sufficiently accurate in a study of 
this kind. 

DISCUSSION 


A total of 411 cases of coronary sclerosis were studied. An attempt was 
made to correlate the heart weight with the degree of coronary sclerosis, ‘‘myo- 
eardial damage,’’ and congestive failure present. Practically all investigators 
found it diffieult to explain satisfactorily the observed increased heart weight 
in a small percentage of the specimens seen at post mortem. For a few of this 
sroup, several investigators have suggested that an injured myocardium may be 











MAUN: CARDIAC HYPERTROPHY 1247 


the stimulus that results in subsequent hypertrophy. An obvious cause of such 
injury would likely be decreased blood supply due to coronary sclerosis. This 
theory has received support by competent observers who have frequently noted 
severe coronary sclerosis as the only obvious explanation of the increased heart 
weight. In addition to the presence of disturbed nutrition, Davis and Blum- 
gart? have presented some evidence to show that chronic congestive failure may 
be associated with hypertrophied hearts. 

In contrast to these views other workers have failed to observe any evidence 
of increased heart weight due to coronary disease that might produce ischemia 
or myocardial injury. The usual belief is that adequate blood supply is neces- 
sary for any muscle hypertrophy. These investigators also found a close correla- 
tion between cardiac hypertrophy and hypertension. 

To study the effect of ischemia on hypertrophy the hearts were separated 
into various grades of coronary sclerosis, and the average heart weight was de- 
termined in the various groups. No correlation was noted between the degree 
of sclerosis present and the heart weight at post mortem. It was found that 
hypertension was the usual cause of the increased weight and that those pa- 
tients with coronary sclerosis alone as the explanation of the heart weight could 
not be placed in the hypertrophied group. 

Eyster* ° presented experimental hypertrophy in dogs by producing dilata- 
tion of the ventricle by means of an experimental valve defect or aortic stenosis. 
Hypertrophy followed the stretching of the muscle fibers. The hypertrophy was 
considered a reaction to the ‘‘myocardial damage.’’ Similarly, others have 
reasoned that the increased diastolic volume. in a failing heart may result in 
stretching the muscle fibers and thereby result in hypertrophy. 

The effect of chronic congestive failure on heart weight was studied by 
comparing the average weight of the cases with no heart failure, mild failure, 
and severe failure. After eliminating all other factors, those patients without 
heart failure were found to be equal in weight to those with severe failure. There 
was little evidence that the presence of heart failure would influence the heart 
weight. 

In order to approach the injury thesis from another viewpoint the weights 
of the hearts with various degrees of myocardial fibrosis were compared. It 
was assumed that the amount of fibrosis present was some index of the myo- 
cardial injury. If the injury thesis is correct, it is reasonable to assume that 
the hearts with severe fibrosis would be larger than those with mild degree of 
fibrosis. From this study there is no correlation between the degree of fibrosis 


and the observed heart weight. 
CONCLUSIONS 


1. The average weight of 411 hearts and the degree of coronary sclerosis 
were compared. 

2. There was no correlation between the degree of coronary sclerosis and 
the heart weight. 

3. Hypertension was the usual explanation of the increased heart weight, 
and a close relationship between coronary sclerosis and hypertension was noted. 
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4. The hearts with no heart failure were found to weigh approximately 
the same as those with chronic congestive heart failure. 


5. No evidence was found to support the concept that myocardial fibrosis 
may produce cardiac hypertrophy. 
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DISSECTING ANEURYSM OF THE AORTA* 
SUMMARY OF CLINICAL SYNDROME AND PaTHoLoGy TOGETHER WitH Report 
or A Case SHowING UNusuaL PATHOLOGIC FEATURES 


FREDERICK W. NreEHAvs, M.D., anp Wituis D. Wricut, M.D., Omana, NEs. 

URING the last decade many eases of dissecting aneurysm have been re- 

ported. Several comprehensive reviews’ * ' have appeared in the litera- 
ture describing the pathology?” ** 17 and the clinical features.” * 7 With this 
interest in the subject the number of cases diagnosed ante mortem, and cor- 
roborated by autopsy, has greatly increased. 

These eases have been so well described and carefully studied pathologically 
and clinically that it seems superfluous to record another case, unless new fea- 
tures have been observed. Our ease herein described presents some unusual 
features. Deep longitudinal grooves of the ascending and the transverse arch 
of the aorta, causing narrowing of the isthmus, are mentioned only in one 
other case, which was reported by Klotz and Simpson.* Our case contributes 
clinically to the evaluation of the electrocardiogram in dissecting aneurysm. 


*From Medical Department, University of Nebraska College of Medicine, Omaha, 
Received for publication, April 18, 1940. 













DISSECTING ANEURYSM OF AORTA 





NIEHAUS-WRIGHT : 


REPORT OF CASE 







History.—W. Mc., a negro porter, aged 49 years, was seized by a sudden severe pain 
on November 2, 1937, at 7 P.M., while standing on a depot platform waiting for passengers 
to board a train. At this stop no passengers left or entered the train, so that he had no 
baggage to carry. The only exertion immediately prior to the onset of the pain consisted 
of carrying a small stool such as is usually placed at the foot of passenger car steps. 

Pain.—The onset was very sudden and extremely severe. He was prostrated and ‘‘ broke 
out in a cold sweat.’’ He was put to bed in a berth. 

At the onset the pain radiated to his neck and jaws, then seemed to penetrate to his 
back in the lower thoracic region, then radiated downward to the lumbar region and the 
backs of his thighs as far as his knees. In about an hour the pain localized in his upper 
ahdomen. At 11 P.M. he was met at the train by one of us (W. D. W.) and immediately 
sent to a hospital. The pain at this time was localized in the epigastrium and the lower 
sternal region, radiating to the interscapular region and along both costal margins, being 
more marked toward the right side. The pain persisted at this site until death occurred, 
twenty-one hours after the onset. The severity remained intense in spite of the liberal use 
of morphine. 
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Fig. 1.—Electrocardiogram showing inverted Ti and Tz and depressed S-T segment and absent 
Q in Lead FV. 





On arrival at the hospital the pulse rate was sixty per minute, the blood pressure was 
140 systolic and 100 diastolic. He had not vomited, but was moderately distended. The 
epigastric pain was intense. There was marked tenderness with some muscle spasticity of 
the epigastrium and the right upper abdominal quadrant, simulating upper abdominal disease. 
The next morning at 8 A.M. the pain remained localized in the epigastrium, still very severe, 
except when ameliorated by opiates. 

Examination.—Examination showed a robust, obese negro, weighing about 200 pounds, 
appearing to be critically ill and in agony: His face was suffused and veins of his neck 
were moderately distended. There was only a slight respiratory difficulty. The pupils reacted 
to light and were equal in size. The lungs showed no change of density or rales anteriorly 
or laterally. On account of his critical condition it was not deemed advisable to turn him. 
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The heart showed the apex in the anterior axillary line in the fifth interspace. There was 
an extension of dullness to the left in the third interspace. The rhythm was regular. The 
pulse rate was 100 per minute. There was a definite protodiastolic gallop rhythm, and a 
dinstolie murmur at the aortic area and along left sternal border. The epigastrium and the 
right upper abdominal quadrant were tender and moderately spastic. The blood pressure 
was systolic 14) and diastolic 100, 

Urinalysis: The urine was acid and had a specific gravity of 1.037. It showed albumin 
2+, and was negative to sugar. Microscopic examination revealed numerous pus cells. 

Blood: The hemoglobin was 15.6 Gm., erythrocytes were 4,700,000 and leucocytes 9,000. 
The differential count showed segmented cells 51 per cent, staff cells 14 per cent, lymphocytes 
30 per cent, and monocytes 5 per cent. The icteric index was 6. The sedimentation rate 
was 3 mm. in one hour. The blood Wassermann reaction was negative. 

An electrocardiogram (Fig. 1) taken at 8:30 A.M. on November 3, 1937, showed evi- 
dence of coronary thrombosis. The clinical picture, while atypical, indicated a circulatory 
disorder. Together these seemed to justify the diagnosis of coronary occlusion. The patient’s 
condition remained unchanged until 4 P.M. (twenty-one hours after onset) when he suddenly 
died while taking a drink of water. 

The following findings were available from the company’s records of periodic examina- 
ticns made by Dr. L. Chaffin of Los Angeles. 

Feb. 20, 1923: Weight 175144 pounds. Blood pressure 122/85, Wassermann 4+. Urine 
showed a trace of albumin. 

Feb. 15, 1924: Weight 201% pounds. Blood pressure 130/80. 

March 15, 1925: Weight 20614 pounds. Blood pressure 135/78. Faint trace of albu- 
min was present in urine. 

Jan. 12, 1952: Weight 220 pounds. Blood pressure 230/140. Urine negative. 

Jan. 15, 1933: Weight 215 pounds. Blood pressure 226/124. Urine negative. Left 
side of heart enlarged. 

Jan. 9, 19384: Weight 215 pounds. Blood pressure 210/124. Urine negative. Teeth 
earious. Left side of*heart enlarged. No murmurs. Varicose ulcer on left leg. 

Aug. 22, 1933 to Feb. 2, 1934: Disabled on account of varicose ulcer on left leg. 

Jan. 28, 1935: Weight 215 pounds. Blood pressure 200/120. Varicose ulcer healed. 
Urine negative. 

Jan. 13, 1956: Weight 210 pounds. Blood pressure 200/130. Urine; specific gravity 
1.020, albumin 2+, sugar negative. Varicose veins on left leg. 

Autopsy.—The autopsy performed by Dr. A. S. Rubnitz showed the following sig- 
nificant findings: The pericardial sac was widely distended, containing about 1,000 c.c. of 
clotted blood. After removing this, a large subpericardial hematoma enveloped the origin of 
the aorta, the pulmonary artery, and the right auricle. The aorta showed irregular triangu- 
lar rupture (Fig. 2) 1.5 em. in length, about 2.5 em. above the aortic valve ring. This 
was located on the right lateral surface, slightly anteriorly, and extended through the intima 
and about four-fifths of the media. From the site of this rupture the blood had burrowed 
toward the heart, involving almost all the. circumference of the aorta, and thence extended 
subpericardially over the surface of right auricle as described. The site of rupture through 
the visceral pericardium could not be demonstrated. The intramural hematoma extended 
distally from the site of the rupture along the ascending, the transverse, and the descending 
arch of the aorta, terminating at the level of the fourth thoracic vertebra. The extent of 
the circumference dissected varied from about one-half at the site of the rupture to one- 
fourth at its termination. The aorta showed minimal arteriosclerotic changes. The ascending 
arch shows small slightly elevated yellowish plaques, the largest being not over 3 mm. thick. 
There was no gross evidence of mesaortites. At the site of rupture the aortic wall showed 
no further defects. The torn edge showed a normal thickness of media and a minimal 
intimal thickening. At the juncture of the ascending and the transverse arch of the aorta 
there were four or five peculiar longitudinal grooves (Fig. 3), measuring 1.5 em. in diameter; 
these reduced the size of the lumen of the aorta considerably. Beyond this the arch widened 
to what appeared to be a normal diameter. The size of the intimal arteriosclerotic plaques 
increased in size (0.5 em.), and were more numerous in the lower thoracic and the abdominal 
aorta. However, throughout the entire length of the aorta there were no atheromatous ulcers 
or calcified plaques. 
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The left ventricle of the heart was moderately hypertrophied. The right side of the 
heart was dilated. There was no thickening, retraction, or sclerosis of any of the heart 
valves. In view of the fact that syphilis has been considered as an etiologic factor in rup- 
ture of the aorta, it is particularly noteworthy that in this case the aortic ring was not 
widened, the aortic cusps were soft, thin, and free from fibrotic changes or retractions. 


Fig. 2.—Photograph showing site of aortic rupture and folds in aorta. 


The coronary arteries presented no narrowing of orifices. The branches were opened 
to their terminations. There was no thrombus or narrowing of the lumen. In a few places 
there was slight intimal thickening appearing as subintimal yellow plaques, but no atherom- 
atous ulcers or areas of calcification were present. There was a moderate tortuosity of the 
larger branches of the coronary arteries on the surface of the myocardium. Lungs showed 
marked congestion. Kidneys showed few small cysts. The other organs showed no signifi- 
eant changes. 

Dr. H. E. Eggers, Professor of Pathology at University of Nebraska, reported the 
following microscopic examination of the aortic wall: Sections were cut both through the 
involved portion and what appeared to be an intact portion of the vessel. The latter section 
showed no evident change, whereas the former revealed a zone of necrosis of the media, ex- 
tending for some distance as a narrow band, but widening centrally, and disrupted in the 
widest part. To the extent that the vasa vasorum could be distinguished, these were intact, 
even in close proximity to the diseased area. None could be found in the necrotic portions 
proper. Hemorrhage was noted in the gap where disruption of the wall occurred, 
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PATHOLOGY OF DISSECTING ANEURYSMS OF AORTA 


Recent authors® generally do not consider syphilis as an etiologic factor. 

Klotz and Simpson® logically state that a granulomatous inflammatory process 
like syphilis would tend to weld the lamellae more closely together, so that ‘‘the 
wall would split less easily into its anatomic layers.’’ Our patient showed a 
negative Wassermann at the time of this attack, the aortic wall showed_no gross 
or microscopic evidence of syphilis, and the aortic cusps were entirely normal. 
In spite of the fact that this patient had a record of a four-plus Wassermann 
reaction of the blood in 1923, there was no evidence of a syphilitic process in 
the aorta at the time of autopsy. 


Fig. 3.—Drawing showing: I, Rupture of aortic wall; II, longitudinal grooves which nar- 
rowed the lumen of the aorta; III, orifice of right coronary artery; and IV, orifice of left coro- 
nary artery. 


Changes in the media mentioned by Gsell,'* described by Erdheim’® as an 
idiopathie eystie medial necrosis, and elaborated by Moritz,” are accepted as 
the characteristic lesion. This is deseribed as ‘‘small areas of necrosis and 
peculiar hyalinized vacuoles in the media,’’ showing ‘‘no inflammatory or 
reparative process.’’ These form ‘‘peculiar ecystie spaces between elastic 
fibers.’’ The vasa vasorum may rupture into these spaces, forming a hematoma 
which splits the layers of the media. These may rupture the intima second- 
arily ;'° probably primary rupture through the intima occurs more frequently. 
Tears nearly always occur in the ascending arch of the aorta. Dissection usually 
occurs between middle and outer thirds of the wall, and involves one-third to 
one-half of the cireumference of the aorta. This dissection may extend toward 
the heart, entering the pericardial sac and surrounding part of the heart with a 
hematoma; it may interfere with the coronary circulation, and finally terminate 
by rupture into the pericardial sac.* Our ease is an example of this course, 
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which explains some of the symptoms and the electrocardiographic findings. 
Others? have described rupture into the mediastinum, pleural cavity, or abdomen. 
This channel may re-enter the aorta forming a ‘‘double barreled’’ aorta. 


The dissection produces decided effects on the vessels originating directly 
from the aorta? and may result in (a) severance as in the case of the inter- 
costal arteries, (b) partial or rarely complete obstruction by the hematoma, (c) 
extension of the dissection along the larger branches such as the renal vessels, 
or (d) disruption of the periarterial sympathetic plexus resulting in a spon- 


taneous periarterial sympathectomy.°® 


These would produce bizarre vascular 


and neurologic symptoms and signs, such as changes in the pulse, paresthesia, 


hyperesthesia, anesthesia, or paralysis. 
the hematoma into a cavity, and very rarely by eardiae failure. 


TABLE I 


Death occurs by rupture of the sae of 








FEATURES 


DISSECTING ANEURYSM OF AORTA 


CORONARY THROMBOSIS 





Onset 
Pain 
(a) Character 
(b) Radiation 
(ec) Duration 
Syncope 
Shock 
Fever 
Leucocytosis 
Pulses 


Hypertension 


Pericarditis 
Diastolic murmur 
Hematuria 

X-ray 


Electroecardiogram 


Neurologic 


Venous pressure 





(1) Sudden 
(2) With exertion 


Extremely severe, tearing 

Widespread, chest, abdomen back thighs; 
\arms rarely 

Minutes to days 

Frequent 

Frequent with normal, or,elevated blood 
pressure 

Moderate 

Moderate 

Often unequal, may be decreased or in- 
creased 

Usually present or history of such; may 
vary in two arms 


None 


important sign 

May be present 

Deformity of aorta, rapidly increasing 
in size 

If negative, important finding14 


Bizarre, paresthesia, anesthesia, hyperes- 
thesia, paralysis from circulatory in- 
ference 

Extremely high if cardiac tamponage 





(1) Sudden 
(2) Usually at rest 


Severe 
Chest, neck, arms usually 


Hours to days 

Rare 

Frequent with low blood pres- 
sure 

Low 

Low 

Usually equal 


With attack usually low, may 
or may not be history of 
such; same both arms 

Pericardial friction rub present 
at times 

Not related to condition 

None 

Probable changes of heart size 
and shape 

Usually presents typical elec- 
trocardiogram 

Usually absent; when present 
due to emboli 


High with congestive failure 





In our ease the peculiar longitudinal grooves (Fig. 3) involving the distal 


part of the ascending and the proximal part of the transverse arch of the aorta 
were conspicuously present. This reduced the size (1.5 em.) of the lumen con- 
siderably, and thereby may have caused an increase of pressure with systole in 
the first part of the ascending aorta. These grooves have hitherto been men- 
tioned in only one other case, which was reported by Klotz and Simpson.® The 
aortie wall was not thickened between these grooves. They give the impression 
of being formed by a decrease of substance in the aortic wall, as if the grooves 
were the marks on the intimal surface of subjacent longitudinal vacuoles. 
Microscopie examination of the wall of the aorta by Eggers showed the typical 


medial changes deseribed by Erdheim.*® 
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CLINICAL MANIFESTATIONS 


The symptoms and signs of a dissecting aneurysm have been clarified by 
extensive and thorough study of the pathology, so that a clinical syndrome can 
be synthetized. 


1. The onset is usually sudden and violent.’ 

2. The pain is extremely severe and agonizing,® described as having a tear- 
ing quality, accompanied by a sense of annihilation. A few persons are re- 
ported who suffered no pain during the illness.” 7 

3. The duration of the pain is from minutes to days. 

4. The radiation of the pain is widespread and bizarre. It usually begins in 
the anterior part of the thorax, spreading to the neck, to the back in the thoracic, 
the lumbar, or the sacral regions, to the thighs or to the upper part of the 
abdomen. Radiation of pain to the arms rarely occurs, but when present, it is 
felt on the outer surface of the arms.? 

5. Syneope! and shock occur in nearly all eases. Shock in this condition, 
is frequently not accompanied by the usual drop in the blood pressure. Nausea 
and vomiting are common. 

6. Fever and leucocytosis of a moderately high degree are present in most 
cases. 

7. Cireulatory phenomena.? 

(a) The peripheral pulses may be altered. The dissection of the layers 
of the aorta and resultant hematoma may partially obstruct the 
branches leaving the aorta, resulting in a diminution of pulse tension 
and volume in this vessel. The degree varies from a slight decrease 
to almost complete obliteration. In the ease of an extremity this results 
in varying degrees of numbness, coldness, and weakness. The pulsation 
may, however, be increased, if the dissection extends onto the branch- 
ing vessel, thereby producing a spontaneous periarterial sympathec- 
tomy.? This mechanism may have an influence in maintaining a nor- 
mal pressure in the presence of systemic signs of shock. In the ease of 
the renal vessels and kidneys, this circulatory disturbance may cause 
hematuria." 

Hypertension is usually present, although a number of cases have been 
recorded with the presence and the history of a normal blood pres- 
sure.® 1° There may be an inequality of pressure in the arms. 

A diastolic aortic murmur™® has frequently been reported. Ham- 
burger and Ferris record the development of such a murmur during 
their observation of a case of dissecting aneurysm. This murmur was 
distinetly evident in our patient. Such a finding is not accompanied 
by the peripheral signs of aortie regurgitation. 

A hematoma in the mediastinum or blood in the pericardium may pro- 
duce signs of cardiac tamponage, with widely distended cervical veins 
and a very high venous pressure, as was present in our ease. At 
autopsy this was accounted for by the presence of a large amount of 
blood in the pericardial sae. 

Roentgenologie signs?® consist of a deformity of the supracardiac 
shadow, or of the aorta, which may rapidly inerease in size. If the 
shadow pulsates, it is a particularly reliable sign. 
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(f) The electrocardiogram’ is frequently not modified, but cardad dissec- 
tion of the aneurysm may disturb the coronary circulation sufficiently 
to produce an electrocardiogram, indicating a coronary obstruction."* 

This was exemplified in our ease (Fig. 19). 










NEUROLOGIC SIGNS 





Ilemiplegia may be caused by dissection extending cephalad along the 
left carotid artery, thereby obstructing this vessel. 

Bizarre neurologic symptoms, such as paresthesia, anesthesia, hyper- 
esthesia, or even paralysis, may result from circulatory interference to the ex- 
tremities or other parts. As previously mentioned, the intercostal vessels may 
be torn from the aorta. Even larger vessels may be torn from their site of 
origin or the dissection extending along their walls with hematoma formation 
may more or less obstruct their lumina. Inereased heat of an extremity may 
be produced by spontaneous periarterial sympathectomy as already mentioned. 









DIFFERENTIAL DIAGNOSIS 







The onset and course of a dissecting aneurysm of the aorta and coronary 
thrombosis present many common features. An attempt at differentiation is 
shown in Table I. 







SUMMARY 






1. A ease of dissecting aneurysm of the aorta, showing peculiar longitudinal 


grooves of the isthmus, is presented. 
2. A synthesis of a clinical syndrome is attempted from the pathology, symp- 


toms, and signs. 
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SULFAPYRIDINE OVERDOSAGE—ANTIDOTAL ACTION OF 
HYPNOTICS IN ANIMALS* 


WirtH A NoTE ON SULFATHIAZOLE 
RicHarD KoHNn Ricuarps, M.D., Norra Cuicaao, IL. 


SULFAPYRIDINE 


HE first reports on the toxicity of sulfapyridine in experimental animals 

by Wien* seem to indicate a lower toxicity of this drug as compared with 
sulfanilamide. However, subsequent studies, particularly by Marshall, Bratton, 
and Litchfield,? have shown that the incomplete absorption due to the low solu- 
bility of sulfapyridine is responsible for the alleged lower toxicity. If this factor 
is taken into consideration, sulfapyridine is actually somewhat more toxic than 
sulfanilamide. Marshall and Long* have described the acute toxie effects follow- 
ing the intravenous injection of sodium sulfapyridine in rabbits and dogs. 
Their results have been entirely confirmed in experiments conducted in our 
laboratory. 


The well-known serious complications which may follow sulfapyridine 


treatment, as hemolytic anemia, agranulocytosis, jaundice, ete., call for par- 
ticular eare in the use of this drug, but fortunately are rare. . Vertigo, nausea, 
and vomiting are less dangerous, but are still very annoying side actions of the 
sulfapyridine treatment and occur much more frequently. In the following, 
an attempt was made to approach experimentally the possibility of alleviat- 
ing these symptoms. 

Experiments in Rabbits ——In order to secure clear-cut results with respect 
to toxie effects and their possible management, we have used in all experiments 
the intravenous injection of a 20 per cent sodium sulfapyridine solution. ‘Such 
a solution has a pH of 10 or 11 and a high titrable alkalinity. One and one- 
half to two minutes were always consumed in administering the total dose. Male 
and female rabbits, weighing approximately 3 to 5 pounds, were used. While 
000 mg. per kilogram regularly produced convulsions, 800 mg. per kilogram 
were fatal in 70 per cent of the animals. <A total of 1,000 mg. per kilogram 
always caused death from secondary depression or pulmonary edema after con- 
vulsions. <A total of 1,200 mg. per kilogram killed the animals within a few 
minutes following violent tonic or clonic convulsions. Thus, the picture of the 
acute poisoning presented itself as an initial marked stimulation, quickly fol- 
lowed by depression of the central nervous system. The convulsions were of the 
spontaneous type, and could not be provoked as a reflex to stimulation; in this 
respect they resembled picrotoxin convulsions. This observation suggested that 
they might be combated by means of hypnoties. 

*From the Abbott Laboratories, North Chicago. 

Received for publication, April 19, 1940. 
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RICHARDS : 








Urethane was used in the first experiments. The minimum hypnotic dose 
‘or rabbits is 500 mg. per kilogram of this drug intravenously. The M.L.D. 
lies between 1,700 and 1,800 mg. per kilogram. The urethane was injected 
intravenously as a 25 per cent: solution mixed with 1,000 mg. per kilogram of 
sulfapyridine. This amount of sulfapyridine alone would kill 100 per cent of 
the animals. The results obtained with varying amounts of urethane combined 
with this dose of sulfapyridine can be seen in Fig. 1 in the form of a dose mor- 
tality curve representing data on 35 animals. The mortality is zero with the 
use of 150 mg. per kilogram of urethane, an amount which, by itself, has no 
noticeable influence on a normal rabbit. In combination with sulfapyridine 
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Fig. 1.—Intravenous injection of sulfapyridine (1,000 mg. per kilogram) and urethane in rabbits, 


there was slight twitching or occasional convulsions, but all six animals on this 
dose survived. This represents the optimal antidotal effect, since the mortality 
increases with either a larger or smaller urethane dose. With smaller doses, 
the protective action against the convulsions is insufficient; with larger -doses, 
the convulsions disappear but a general depression quickly develops which leads 
eventually to respiratory paralysis. This death from depression occurs with 
doses of urethane which are innocuous to the normal animal, and seem to repre- 
sent a summation of the depressant urethane effect and the second, depressant 
phase of sulfapyridine action. 

Attempts to antidote 1,200 mg. per kilogram of sulfapyridine with a single 
urethane injection were unsuccessful. Repeated urethane injections, when made 
during the convulsive state of the sulfapyridine poisoning, occasionally saved 
the life of the animals. 
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It is well known that barbiturates are particularly effective in suppressing 
convulsions. The antidotal effect of sodium pentobarbital (nembutal) on sul- 
fapyridine convulsions was, therefore, studied in a similar way. In rabbits 
15 mg. per kilogram intravenously is the minimum hypnotic dose for nembutal 
and 45 mg. per kilogram the L.D. 50. Mixtures of different amounts of this 
drug with either 1,000 or 1,200 mg. per kilogram of sulfapyridine were injected 
intravenously. The results on 48 animals are given in Fig. 2. In general, the 
effect is similar to that of urethane, but a definite antidotal action is present 
even against the extremely high dose of 1,200 mg. per kilogram of sulfa- 
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Fig. 2.—Intravenous injection of sulfapyridine and pentobarbital sodium in rabbits. 
———— 1,200 mg. per kilogram of sulfapyridine. 
- - ~ -~ 1,000 mg. per kilogram of sulfapyridine. 


pyridine. These curves also show an optimum antidotal effect at the non- 
hypnotic dose level of 10 mg. per kilogram. Smaller doses are unable to pre- 
vent convulsions, and larger ones, which are tolerated by normal animals, lead 
to respiratory paralysis. Finally, we conducted experiments using only 700 
mg. per kilogram of sulfapyridine in order to see how high the dose of nembutal 
could be raised without producing cumulative depression. The maximum dose 
of nembutal which could be tolerated under these circumstances was 40 mg. 
per kilogram; therefore, with moderately high doses of sulfapyridine the tox- 
icity of nembutal is not significantly enhanced. 

The effect of large doses (1 to 3 Gm. per kilogram) of sodium bromide 
given orally on the convulsive action of 1,000 or 1,200 mg. per kilogram of sul- 
fapyridine injected one-half hour later was also studied. Death could be pre- 
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vented only rarely, though the fatal outcome was somewhat delayed. Intra- 
venous injection of magnesium sulfate (25 to 150 mg. per kilogram) or pre- 
medication with 35 mg. per kilogram of morphine subcutaneously were ineffective. 

Experiments on Dogs.—While rabbits lend themselves only to the study of 
the more violent reactions, dogs show symptoms of sulfapyridine intoxication 
more like those seen in man. After the injection of 400 mg. per kilogram, un- 
steadiness of gait, signs of subjective discomfort, and repeated vomiting, fre- 
quently accompanied by urination and defecation were the rule. Twitching 
and, occasionally, convulsions developed. Convulsions were always present with 
500 mg. per kilogram. Of 9 animals 2 died following this dose. Attempts to 
prevent the vomiting by the injection of 3 to 5 mg. of atropine sulfate fifteen 
minutes before the sulfapyridine proved to be entirely ineffective. Nembutal 
was added to the sodium sulfapyridine in varying amounts. The results are 
summarized in Table I. Ordinarily 15 mg. per kilogram is the minimum 
hypnotie dose, while 50 mg. per kilogram is the M.L.D. 50 of this barbiturate. 


TABLE I 


SopIUM SULFAPYRIDINE AND SODIUM PENTOBARBITAL (NEMBUTAL) INTRAVENOUSLY IN Dogs 

















SODIUM 
SODIUM PENTO- 
CURRENT SULFA- BARBITAL NO. OF NO. 
NO. PYRIDINE | (NEM- DOGS SURVIVED a 
MG./KG. BUTAL) 
MG./KG. 
1 400 - 2 2g Unsteadiness of gait, vomiting, 
defecating, convulsions 
2 400 5 2 2 Atactic, vomiting, no convulsions 
3 400 10 3 3 Slightly atactic, then relaxed. Two 
slept 
4 400 15 1 i Atactic, first restless, later quiet 
5) 400 3 2 2 Sleep 
6 400 35 2 2 Sleep 
if 400 40 4 2 One died of pulmonary edema, one 
of respiratory paralysis 
8 400 50 3 2 One died of respiratory paralysis 
9 500 - 9 G Symptoms as under (1) but more 
severe 
10 500 10 1 1 Atactic, vomiting 
1 500 20 i ] Light sleep 




















In Table I, 5 mg. per kilogram prevent convulsions but not vomiting, while 10 
to 15 mg. per kilogram suppress not only the convulsions but also vomiting and 
the other signs of subjective discomfort. The dogs quieted down or even went 
into a light sleep. The sensitivity to nembutal appears to be slightly increased, 
since a dose of 40 mg. per kilogram of nembutal which is usually well tolerated 
may cause deaths in conjunction with sulfapyridine. The increase of the sul- 
fapyridine dose to 500 mg. per kilogram necessitates a somewhat larger dose of 
nembutal to prevent toxie symptoms. Dogs in which convulsions had developed 
after the administration of sulfapyridine could be caused to sleep by the injee- 
tion of a small amount of the barbiturate. These animals recovered promptly. 


DISCUSSION OF RESULTS 


The mortality curves of sulfapyridine in combination with either urethane 
or nembutal in rabbits seem to support the assumption that sulfapyridine has a 
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biphasie action upon the central nervous system. If a hypnotic is given in a 
dose high enough to prevent convulsions, the animal can survive this first stage 
of the sulfapyridine effect. It seems, however, that the convulsive and the de- 
pressant actions overlap to some extent, since a relatively small increase in the 
dose of the hypnotic rapidly brings about a summation of the depressant com- 
ponent. It is of particular interest to note that with nembutal, and especially 
urethane, subhypnotic doses are the safest and most effective. 

If it is true that secondary death in depression is due to a combined action 
of the barbiturate and sulfapyridine, it should be possible to prevent these by the 
use of an analeptic. We have tried to prove the correctness of this assumption 
experimentally. It is known that the intravenous injection of picrotoxin is fol- 
lowed by its typical stimulating effect only after a latent period of a few min- 
utes. Making use of this property, we have injected rabbits intravenously with 
1,200 mg. per kilogram of sulfapyridine and added doses of nembutal sufficiently 
large to cause deaths when so combined with sulfapyridine. Picrotoxin in doses 
of 1 to 1.5 mg. was added to this mixture. None of four animals receiving a 
mixture of 1,200 mg. per kilogram of sulfapyridine, 30 mg. per kilogram of 
nembutal and 1.5 mg. per kilogram of picrotoxin died. But, as can be seen 
from Fig. 2, all animals died if no picrotoxin is added to such a mixture. 
Similarly, 2 of 3 animals survived when the sulfapyridine was mixed with 25 
mg. per kilogram of nembutal and 1 mg. per kilogram of picrotoxin. None of 
these animals showed convulsions and all recovered promptly from what ap- 
peared to be a pure nembutal sleep. This experiment seems to give further 
support to the theory of a biphasic action of sulfapyridine. 

Adriani‘ has recently published experiments in which he tested the toxicity 
of the different anesthetics on rats which were pretreated with very high doses 
of sulfanilamide for three days. He found that while volatile and gaseous 
anesthetics, as well as avertin, were tolerated as well as they are by normal ani- 
mals, the barbituates became anesthetic in subanesthetic doses and lethal in 
anesthetic doses. We repeated these experiments in rabbits and obtained similar 
results, provided very high doses of sulfanilamide were used (1,500 mg. per 
kilogram daily for three days). However, with moderately large doses of sul- 
fapyridine (700 mg. per kilogram) in rabbits only a very slight augmentation 
of nembutal toxicity occurred, and this was also true for dogs. Our experi- 
ments are, of course, only partly comparable with Adriani’s, since we studied 
only the acute effects of single doses. In this connection, it is interesting to 
note that W. L. M. King® has been unable to find undesirable depression from 
ordinary sedative doses of barbiturates in pneumonia patients receiving sul- 
fapyridine or sulfanilamide. We believe that the experimental results described 
in this publication justify the trial of sedatives in small doses in combination 
with sulfapyridine to alleviate irritating side effects of this drug upon the cen- 
tral nervous system. 

SUMMARY 


1. Death from intravenous lethal doses of sodium sulfapyridine in rabbits 
and dogs oceurs during or after violent tonic or clonic convulsions. 

2. Small doses of hypnoties, such as urethane or nembutal, ean inhibit the 
convulsions and save life. 
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3. Subhypnotic doses of the urethane or nembutal are most effective ; larger 
doses may eause death by adding to the secondary depressant action of sul- 
fapyridine. Picrotoxin can overcome the effect of this summation. 

4. Restlessness, nausea, and vomiting following large doses of sodium sul- 
fapyridine in dogs can be completely eliminated by subhypnotie doses of 


nembutal. 
5. The possibility of applying these observations to the alleviation of irri- 
‘ating side actions of sulfapyridine in man is discussed. 
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ADDENDUM.—After this paper was completed, corresponding work was done with sodium 
sulfathiazole. It was found that the lethal dose for dogs by intravenous injection lies between 
900 and 1,000 mg. per kilogram. Thus it is less toxic than sodium sulfapyridine. We noticed, 
also, the absence of convulsions with doses below 800 mg. per kilogram, while sulfapyridine 
produces them with 500 mg. per kilogram. However, vomiting was observed with doses as low as 
50 mg. per kilogram and in this respect it is more toxic than sodium sulfapyridine in dogs. On 
the other hand, most clinical reports indicate a lower incidence of nausea and vomiting with 
sulfathiazole. Encouraged by our results with nembutal in combating vomiting in dogs fol- 
lowing sulfapyridine injection, we used this barbiturate also in combination with sodium 
sulfathiazole following the same technique as described above. Our optimal results were 
obtained if 20 mg. per kilogram of nembutal were injected intravenously simultaneously with 
400 mg. per kilogram of sodium sulfathiazole. Three animals were used and all slept. No 
vomiting occurred. With dose levels of 200 to 500 mg. per kilogram of sodium sulfathiazole 
and 10 to 20 mg. per kilogram of nembutal we succeeded in suppressing the vomiting in 
about one-half the cases and decreasing its frequency in the other half without undue de- 
pression of respiration. Thus, principally, nembutal appears to exert the same effect in com- 
bination with sodium sulfathiazole as reported above with sodium sulfapyridine. 
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RECURRENCE IN PNEUMONIA 
A Case REporRT 


JAMES M. RuecsEeGGER, M.D., AND SARAH LouISsE CocKRELL, M.D. 
CINCINNATI, OHIO 


ECOVERY from pneumococcie pneumonia is usually associated with the 

appearance of specific antibodies in the patient’s blood stream. The im- 
munity thus produced is not predictable either in duration or in amount, as 
adjudged by the conventional units; and despite this temporary immunity re- 
current attacks are more frequent in this than in any other acute infectious 
disease. It has even been suggested that one attack of pneumonia predisposes 
another. The high historical incidence of previous attacks (20 per cent in our 
experience) tends to support this theory. However, if predisposition bears the 
same relation to type specificity as does immunity, a study of the types of 
pneumococci found in recurrent attacks of pneumonia lends the theory no sup- 
port. In the four-year period 1935-1939, only four patients have been admitted 
to the Cincinnati General Hospital with recurrent attacks of pneumonia due 


to an homologous type of pneumococcus.' Of these pneumonias, two were due to 
type I pneumococcus, one to type II, and one to type VIII.” 


The influence of the carrier state on recurrences is not known but deserves 
further consideration. Finland and Winkler? collected a series of 57 cases from 
which they concluded that one attack of pneumonia did not confer permanently 
inereased resistance against subsequent infections, even though of homologous 
types. (However, second infections rarely occurred within less than a year.) 
They also found that the duration and mode of termination, the distribution of 
the lesions and pneumococcie types were very similar in initial and recurrent 
pneumonias, and that bacteriemia occurred almost as frequently in second infec- 
tions as in first. The later infections were found to differ only in two respects, 
namely, that bilateral involvement was twice as frequent, and bronchopneumonia 
was encountered chiefly with the recurrences. These authors agreed that the 
acquisition of circulating type-specific antibodies and tissue immunity following 
one attack of pneumonia was only a temporary state and did not preclude re- 
current pneumonia. 


In experimental pneumonia of dogs, Coggeshall and Robertson*® have found 
that one infection confers increased resistance to a second, a resistance which 
lasts a varying number of months. This property is demonstrated by the fact 
that lethal dosages of organisms were used in producing a recurrent pneumonia 
at the site of the previous infection. With second infections, this injection was 

*From the Department of Internal Medicine, Cincinnati General Hospital. 

Received for publication, April 19, 1940. 

1262 








RUEGSEGGER-COCKRELL: RECURRENCE IN PNEUMONIA 1263 


made five days after the termination of the disease. If delayed, however, until 
two weeks after recovery, the dog died. After five or six attacks of pneumonia, 
the injection could be delayed three or four months with impunity. Lethal 
dosages injected fifteen to twenty-five days after the last infection into a previ- 
ously uninvolved lobe resulted in death. Even with the greater dosages of 
organisms, the recurrent infections were milder, and the febrile course was 
briefer (two to three days). Bacteriemia dropped from 54 per cent in primary 
pneumonias to 5.6 per cent in recurrences. 

In attempting to define the exact mechanism of this increased resistance, 
Coggeshall and Robertson found the leucocytic response prompt and adequate 
in both primary and recurrent infections. Excess of circulating antipneumo- 
coccic immune bodies varied greatly, some dogs apparently having none, though 
they recovered from their disease with rapidity. 


The only marked difference that these authors found in primary and recur- 
rent pneumonias was in the microscopic appearance of the lesions. Recurrent 
lesions in previously involved areas were invaded early by large numbers 
of macrophages, such as were found ordinarily in areas of resolution, and the 
pneumococci were found in either greatly diminished numbers or not at all. 
Large concentrations of interalveolar macrophages were to be found for 
five days following recovery; then they gradually diminished until, on the 
fifteenth day, they were no longer noticeable. Recurrent infections in previously 
uninvolved areas resembled primary infections produced with nonfatal doses 
of organisms, the macrocytic response occurring later than in the above. 

Briefly, then, Finland and Winkler from their ‘cases found no evidence of 
increased local or type-specific resistance. Coggeshall and Robertson, on the 
other hand, found a characteristic transitory change in the fixed tissue cells 
consisting of early localization of septal and perivascular cells and the rapid 
disappearance of injected organisms. For the period of its stay, this change gave 
increased resistance against a second infection. 

In view of the preceding facts, it is interesting to speculate on the relation- 
ship of the several illnesses related in the following ease report of a patient with 
recurrent type VIII pneumonia associated with meningitis. 


CASE REPORT 


A. R., a thirty-six-year-old colored woman, entered the Cincinnati General Hospital 
July 25, 1934. A right mastoidectomy was performed as an emergency operation. The 
-laboratory reported a nonhemolytic gram-positive coccus cultured from the swab taken at 
operation; further identification was not attempted. 

Three years later the patient was admitted to the Surgical Ward of the same hospital, 
where a colostomy was done July 15, 1937, to relieve a rectal stricture secondary to lympho- 
granuloma inguinale. Postoperatively, the patient developed a pneumonia in the right lower 
and middle lobes, with a white blood cell count of 23,600. No attempt was made to learn the 
etiology; treatment was symptomatic. A month later (on August 23) x-ray examination 
showed a localized area of density, 7 by 9 cm., which was interpreted as fluid in the lower 
posterior portion of the right chest. On direct examination of the aspirated pus, pneumo- 
coccus VIII was identified. The sputum also showed pneumococcus VIII on direct examina- 
tion; the blood culture at this time, however, was negative. X-ray examination four weeks 
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later (September 21) showed a small amount of fluid still present, there being a definite fluid 
level. Two attempts at thoracentesis were unsuccessful. An x-ray examination of the 
chest taken just before dismissal on October 19, two and a, half months after the original 
pneumonia, showed only evidence of thickened pleura. The right dome of the diaphragm 
was flattened and was adherent to the right lateral chest wall. 


On February 13, 1939, the patient went to bed with influenza-like symptoms. Her 
husband stated that she had fever at this time and during the next few weeks she had seven 
or eight chills, several of them occurring during the week previous to admission. . Headache 
(from which she had suffered since the mastoidectomy) became more severe, and was frontal 
in character. There was no vomiting and no earache. One week before entry (March 11), 
she developed a cough productive of a thin white sputum. By March 16 the severity of the 
cough had lessened. Her husband noticed that her hand strayed to the right side of head 
and neck, but she denied earache, merely stating that she had difficulty moving her head. 
Thirty-six hours before entrance to the hospital she stopped talking; her neck became 
stiff at that time and her eyes turned to the left. 

Physical Examination.—On admission March 18, 1939, examination showed a critically 
ill, comatose, middle-aged negress in the opisthotonos position. Respirations were rapid 
and labored. Pulse rate was 160, of poor quality, but regular. Head and eyes were directed 
to left. The right corneal reflex was diminished, the left was absent; pupils were fixed to 
light. There was no facial asymmetry. The ears showed no evidence of recent infection. 
The neck was rigid. The heart was apparently normal. Chest findings were not remarkable 
except for dullness in the right lower axilla. The colostomy in the left lower quadrant seemed 
to be working well. 


The tone of the right arm was questionably greater than that of the left. Focal tremors 
occurred in the right arm and leg, occasionally spreading to the left. Reflexes were diminished 
in the arms, and were normal in the legs. Plantar responses were absent. Brudzinski’s and 
Kernig’s signs weré present. 

Accessory examinations showed a leucocytosis of 21,350, with a definite shift to the left. 
Lumbar tap yielded cloudy fluid under an initial pressure of 110 mm.; of the 15,000 white 
blood cells, 98 per cent were polymorphonuclear leucocytes. Pneumococci type VIII were seen 
on direct examination of the spinal fluid. A blood culture showed countless colonies of 
pneumococcus VIII per cubic centimeter. A culture taken from the throat also showed 
pneumococcus VIII in moderate numbers. 

History Course.—During the succeeding thirty-four hours the patient was given 17.5 
Gm. of sodium sulfapyridine intravenously and fluids subcutaneously without any noticeable 
change in the course of the illness. Despite levels of sulfapyridine of 17.7 mg. per cent in the 
blood and 14.8 mg. per cent in the cerebrospinal fluid, and a sterilization of the blood stream, 
she died. 

Autopsy revealed acute endocarditis, involving the mitral and tricuspid valves; acute 
purulent leptomeningitis; old organized lobar pneumonia of the right upper lobe; elephantiasis 
of labia majora; moderate rectal stricture; double-barreled colostomy; evidence of old right 
mastoidectomy; old right obliterative pleuritis; and toxic changes of the viscera. 

Pneumococei VIII were identified from the spinal fluid and from the right upper lobe 
lung tissue on direct examination. Blood culture taken twelve hours post mortem showed no 
growth. Blood broth culture of the tricuspid vegetation after two weeks’ preservation in 
10 per cent formalin yielded pneumococcus VIII. Only the tricuspid vegetation was cultured, 
the mitral vegetation being saved for histologic inspection. 


COMMENT 


Careful bacteriologic study was not made of the original organism isolated 
from the mastoid. However, since the description of the organism permits the 
consideration of a pneumococeus, it might be noted here that pneumococcus 
VIII is not infrequently found in the ear and paranasal sinuses. 











RUEGSEGGER-COCKRELL: RECURRENCE IN PNEUMONIA 1265 


Three years later the patient had a clinically atypical pneumonia due to 
pneumococeus VIII; this was complicated by empyema. Eighteen months later 
she was readmitted with a pneumococcus VIII infection of the lung, endo- 
cardium, and meninges. It is interesting to note that this second pulmonary 
infection did not involve the previously involved lobes, raising the speculation 
that there may have been a residual tissue immunity within the lung‘ from the 
first infection, despite the apparent breakdown in general immunity. Unfor- 
tunately, no bacteriologic or immunologic studies were made during intervals 
of apparently good health. But in view of the fact that pneumococeus VIII 
was found in the patient’s sputum and pleural fluid at a time when she had no 
clinical evidence of pulmonary disease, it seems a not unfair assumption that she 
remained a carrier after she had recovered from the acute pneumococeal pneu- 
monia. The implication must be that she erected sufficient immunity defenses 
to recover from the pneumonia and to hold the organism in abeyance even 
though it was still present in the respiratory tract and pleural cavity. 

Finland and Tilghman,’* studying pneumococcie infections in families and 
other closely-knit groups, found that healthy carriers of disease-producing pneu- 
mocoeci may develop type-specific antibodies. This raises the question whether 
the carrier state may be desirable in convalescent pneumonias; or whether the 
repeated or continuous antigenic effect of the saprophytic organisms depresses 
the formation of antibodies, a condition frequently seen in hyperimmunized 
horses. This supposition scarcely seems plausible in view of the infrequency of 
homologous recurrences and the relatively high incidence of carriers among 
convalescents for varying periods following the acute infection. 

Despite our incomplete knowledge concerning the pathogenesis of pneumo- 
coceal pneumonia and immunity to it, the carrier state appears to constitute a 
potential danger not only to others, but also to carriers, and as such should be a 
point of attack in pneumonia programs. 


SUMMARY 


A ease of recurrent pneumonia due to the homologous type of pneumo- 
coceus is reported, with the implication that it probably represents a self- 


infection. 
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FURTHER OBSERVATIONS ON THROMBOCYTOPEN* 


FRANK OTENASEK, M.D., AND FERDINAND C. Leg, M.D., Bautimore, Mb. 





ROM the spleens of three successive persons with idiopathic thrombocytopenic 

purpura a substance was extracted which reduced the number of platelets 
in the circulating blood of rabbits. This substance was called thrombocytopen, 
and was described in detail in 1938.1. In the subsequent ten months, only one 
other patient suffering with the disease has come to operation in the hospital. 
The extract from the spleen of this patient not only corroborated and sub- 
stantiated the observations made with the former preparations, but it also 
opened up new paths of investigation. In addition, four more control spleens 
have also been extracted and tested. 


MATERIAL AND METHOD 





CasE.—A. W., a white married woman, aged 24 years, was admitted to the Johns Hop- 
kins Hospital on September 17, 1938, complaining of excessive bleeding. Her family history 
revealed a maternal aunt who had ‘‘purpura,’’ but was successfully treated with snake venom. 
Her past history is of little interest. Her menstrual periods were always regular, occurring 
every twenty-six days, and lasting seven days, with variable flow. About five years before 
admission she began to notice hemorrhages around her gums and became aware of the fact 
that she bruised easily. A year and a half later she was delivered spontaneously of a full- 
term normal child. The exact amount of blood loss at that time is unknown, but the patient 
was transfused with 500 c.c. of blood and remained well for six months, after which time the 
bleeding recurred. Three years ago moccasin venom was started (dosage unknown) and 
continued for six months, with some alleviation of symptoms. Two months after cessation 
of treatment the hemorrhages recurred. One year ago venom therapy was begun once more 
and was continued for two months without benefiting the condition. In view of the unfavor- 
able response, the patient was given a 500 ¢.c. blood transfusion. In December, 1937, deep 
x-ray therapy over the spleen was instituted, 1,750 r. in air being given anteriorly, and 750 r. 
posteriorly, over the splenic region. Following this treatment she was considerably improved 
until July, 1938, when weakness returned and petechial hemorrhages once more appeared. In 
the two months prior to her admission she was given three 500 ¢.c. blood transfusions as well 
as liver extract. Since the onset of her illness she has had many fainting attacks which 
were usually followed by an exacerbation of her purpura. The platelet count on August 4, 
1938, was 170,090, and on August 30, it was 180,000. Physical examination of the patient 
was essentially negative. There were no evidences of hemorrhage in the skin or gums. The 
spleen was not palpable. Blood studies made on September 19 revealed leucocytes 5,050, 
hemoglobin 93 per cent, red blood cells 4.73 million, and platelets 80,000. The clotting time was 
normal, the bleeding time was eleven minutes. The clot was nonretractile. The tourniquet 
test was negative, as was also the routine Wassermann on the blood serum. On September 
20, splenectomy was performed by Dr. Warfield M. Firor. The patient recovered from the 
operative procedure satisfactorily. There was no excess of bleeding either at operation or 
afterward. The platelet count three hours after operation was 166,000. During the period 
of her stay in the hospital it remained around 150,000. The bleeding time was less than 
four and one-half minutes. The patient was discharged on October 3, symptomatically well. 
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FURTHER. OBSERVATIONS ON THROMBOCYTOPEN 


The spleen weighed 95 Gm. and looked grossly normal. Microscopically there were 
many large Malpighian corpuscles with germinal centers. Final pathologic diagnosis: spleen 
showing nonspecific changes (thrombocytopenic purpura). 


The preparation of the spleen began on the day of operation, when the organ was ground 
up and placed in twice its volume of reagent acetone. One month later, on October 25, one- 
half of the extract was removed and filtered, and evaporation of the acetone was carried out 
by reduced pressure under a Bell jar. This step in the preparation of the extract differed 
from the previously published method in which distillation of the acetone was carried out 
under reduced pressure with the application, of some heat. It was thought that even a small 
amount of heat might affect the potency of the preparation, and in fact a more potent product 
did result when heating was omitted. 

When evaporation was complete, the usual dark brown, gummy residue was left. This 
was suspended in 100 c.c. of distilled water. The dilution of this extract was, therefore, 
twice that obtained from previous spleens, since formerly the same amount of distilled water 
was added to the acetone-extracted material from an entire spleen. 

The extract was injected in amounts varying from 0.8 to 10 ¢.c. into 10 rabbits, all of 
which died in periods ranging from one hour to twenty-four hours after the injection. In 
the animals which survived more than four hours after injection, it was noted that the plate- 
let count fell significantly. The direct method of counting platelets with the fluid of Rees 
and Ecker was used, and every count was controlled by the indirect blood smear procedure. 


The remainder of the extract was now run through a Seitz filter and further injections 
were made. Subsequently all extracts were Seitz filtered before injection. 


RESULTS 


Experiment 1. A male rabbit (R-13), weighing 2.4 kg., was injected intravenously with 
1 c.c. of the extract from patient A. W. on December 28, 1938, The blood platelets fell 
from 610,000 to 283,000 in six hours, and hovered in the neighborhood of 280,000 during the 
subsequent eighteen hours. Another 1 ¢.c. of the extract was injected on December 29, the 
platelets varying from 213,000 to 280,000 during the next twenty-four hours. On December 
30 the platelets began to fall to lower levels without further injection, and reached the low 
count of 94,000 approximately fifty-four hours after the first injection. By the morning of 
the following day the platelets had risen precipitously, reaching a high count of 6,029,000. 
Many huge, abnormal appearing platelets were seen. Smears showed enormous numbers of 
platelets at this time. During the period of study the red blood cells did not vary significantly 
from the normal. Leucocytosis was practically constant, the white blood cell count being in 
the neighborhood of 20,000, with an excess of adult polymorphonuclear forms. On January 1 
the animal died. Autopsy revealed no hemorrhages. There was patchy consolidation of both 
lungs. Sections of the femur bone marrow revealed hyperplasia of the myeloid elements. No 
abnormalities could be found in the megakaryocytes. 

Experiment 2. On January 25, 1939, 1 ec. of the same extract was injected into 
another male rabbit (R-17), weighing 2.2 kg. A control specimen of bone marrow had been 
removed from this animal by biopsy nineteen days- previously. Table I shows behavior of 
platelets after injection. The white blood cells had risen from an original count of ,4,950 to 
nearly 15,000 on the second day, and gradually fell to a normal level three days later. The 
red blood cell count did not vary significantly from an original count of 4.78 million. On 
February 2, 1939, the animal died. Autopsy revealed patchy consolidation of lungs. Sec- 
tions of the spleen revealed small foci of myeloid tissue with disproportionately great num- 
bers of megakaryocytes, and these cells appeared in the liver as well (Fig. 1). There was no 
evidence of platelet formation in the lungs. The femur bone marrow showed no detectable 
abnormalities either in the number or in the morphology of megakaryocytes. 

Experiment 3. On February 23, 1939, a male rabbit (R-15), weighing 1.8 kg., was 
injected with 1 ¢.c. of the extract. A bone marrow biopsy had been made six weeks previously. 
The platelets fell characteristically (Table I) from the preinjection level of 628,000 to a 
low of 55,000 three days later. Eight days after the original injection the platelets had risen 
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only to 217,000, and the animal was sacrificed. No noteworthy changes were found in the 
megakaryocytes of the femur marrow, but the spleen again showed many megakaryocytes, the 
liver a few. The lungs and other organs were normal. 

Meanwhile, on February 1, 1939, the second half of the acetone extract from the spleen 
of A. W. was prepared for use by evaporation of acetone and suspension of the residue in 
distilled water. This was not used, however, until March 20, 1939, after an interval of seven 
weeks, It had, however, been kept in the refrigerator at a temperature of about 40° F. 








TABLE I 


Rabbits R-15 and R-17 received intravenously 1.0 ¢.c. of the splenic extract, while rabbit 
R-29 was given 2.0 ¢c.c. Rabbit R-26 served as a control. 














HOURS AFTER PLATELETS X 104 
INJECTION R-17 R-15 R-26 R-29 
0 6.52 6.28 6.23 5.71 
1 5.09 5.59 - - 
2 4.08 2.42 - 
5 S217 2.01 5.64 ~ 
7 2.72 - 4.75 2.34 
24 157 1.18 5.24 0.70 
32 1.02 1.02 6.08 2.05 
48 0.89 0.88 5.63 L227 
55 0.74 - 5.31 1.35 
72 0.49 0.55 5.60 1.00 
75 2.35 - 4.90 - 
96 0.76 1.10 5.41 Sl 
120 0.93 1.02 5.93 0.72 
144 1.06 1.81 6.81 6.25 
168 = 2.17 5.58 - 
192 ~ ~ 5.81 - 
216 ; - - 6.92 























Experiment 4. On March 20, a male rabbit (R-19), weighing 2.1 kg., 


was given two 
injections of 0.5 ¢.c. each of this second preparation of extract from A. W., without a sig- 
nificant change from the preinjection level of 620,000 platelets. The following day another 
1.0 ¢.c. was given, and the platelets reached a low of 453,000 three hours after the injection. 
For the next three days the platelets varied between 252,000 and 550,000, when another 1 ¢.c. 
of extract was injected. They fell again to 232,000 and remained at 200,000 to 414,000 until 
March 27, when the platelet count reached a high of 729,000. Two cubic centimeters of the 
extract were then injected, and the platelets rose to 1,624,000 and then to 3,629,000 two and 
six hours, respectively, after injection. Mostly large, abnormal platelets were seen. By the 
next morning the platelets had fallen precipitously to 332,000, then rose rapidly and steadily 
to 7,805,000 at 4:00 p.M. and to 9,450,000 at 11:30 P.M. Smears made at this time showed 
great masses of platelets such as those illustrated by Bunting.2 The white blood cell count at 
this time was 20,000 and the red blood cell count was 5.02 million. There was nothing un- 
usual about the smear except for the platelets. On the following day (March 29) the plate- 
lets, which were 848,000 in the morning, had reached 3,065,000 sixteen hours later. A max- 
imum leucocyte count of 32,150 was found at this time. 

For the next two days the platelets varied between 204,000 and 821,000, and the ammal 
was killed. Post-mortem histologic sections of organs revealed no detectable abnormalities. 
Differential counts were attempted on megakaryocytes of femur marrow, but no significant 
change was noted when compared with control sections. 

Experiment 5, Another male rabbit (R-27), weighing 2.4 kg., was treated exactly as 
was rabbit R-19 and reacted in the same way. Control biopsies of spleen and bone marrow 
had been taken three weeks before injections were begun, but no anatomic abnormalities 
eould be made out in the post-mortem sections, 

Experiment 6. To eliminate the possibility that the many small bleedings necessary for 
counting platelets were responsible for the changes in the blood picture of all the animals or 
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for the presence of megakaryocytes in the spleen and liver of two of the earlier animals, a 
control rabbit R-26 was bled in amounts varying from 0.2 to 1.0 ¢.c. three times daily for ten 
days (Table 1). The platelets varied from 692,000 to 475,000, while the other formed ele- 
ments of the blood did not vary significantly. The animal was sacrificed on the tenth day. 
Histologic sections of femur marrow and spleen made post mortem did not differ from biopsy 
specimens taken from the same animal three weeks before the bleedings were begun. 

Animals used for all subsequent experiments underwent biopsies of spleen and femur 
bone marrow at least three weeks before any injections were made. 


ley ~~ Si 


Fig. 1.—Section of spleen from rabbit R-17 showing a large number of megakaryocytes which 
normally are not present in the spleen (H. & E. X7). 


Experiment 7. On April 3, 1939, a male rabbit (R-29), weighing 1.7 kg., was injected 
with 2.0 c.c. of the second half of the extract (Table I). The platelets fell from a control 
level of 571,000 to 78,000 in fifteen hours, and for the next five days varied from 70,000 to 
321,000 without further injection. Then they slowly began to rise until on April 9, six days 
after the injection, the count had risen to a normal of 625,000, and the animal was killed. 
Sections of the spleen showed occasional megakaryocytes, but no abnormalities could be 
detected in other organs. : 

Experiment 8. Another male rabbit (R-30), weighing 1.8 kg., was injected with 2.0 c.c. 
of extract on April 11, 1939. The platelets fell from a normal of 545,000 to a low of 161,000 
on the day of injection. On the following day they rose from 1.06 million to 2.86 million. 
This same day, eight hours after the count of 2.8 million, the platelets had fallen to 172,000. 
On the following day (April 13) they rose from 133,000 to 576,000, and the animal was 
killed. No significant post-mortem histologic findings were observed. 

Experiment 9. A female rabbit (R-31), weighing 3.3 kg., was now used. It seemed 
evident that the extract was losing potency, so 2 ¢.c. were injected on April 25 without 
effect, and another 2 ¢.c. were given sixteen hours later. The platelets then fell to 107,000. 
They were around 200,000 for two days, when 2.0 c.c. were again injected without further 
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effect. Subsequently 2.0 c.c. and then 4.0 ¢.c. were injected separately in the next four days, 
but the platelets continued to remain around 200,000. The animal was then sacrificed. Sec- 
- tions revealed no abnormalities. 

Experiment 10. In those animals studied during May, 1939, as much as 16 c.c. of the 
extract given over a two-day period in doses of 8 ¢.c. succeeded in bringing platelets down 
only to 191,000. It became even more evident that the extract was losing strength. 

Experiment 11. On May 29 a male rabbit (R-16), weighing 2.6 kg., was injected with 
8 ec. of the extract. Platelets fell only to 421,000 fifteen hours after injection. The last 20 
c.c. of the extract were then injected. The following day the platelets were counted at 

419,000 and slowly rose to 592,000. The animal survived and subsequent counts were normal. 


CONTROL EXPERIMENTS 


Spleens removed at operation from four patients suffering with conditions 
other than thrombocytopenic purpura were extracted and studied. Three of 
these were spleens removed for Banti’s syndrome, while one was a normal spleen 
removed because of rupture as a result of trauma. The extracts were prepared 
in the manner described, but on injection into rabbits of amounts up to 40 ee. 
no significant alterations in the blood platelet level were produced. 


COMMENT AND DISCUSSION 


The preparation of thrombocytopen, as described in this report, presents 
two significant differences from that previously mentioned.’ -In the first place, 
removal of the acetone from the extract was accomplished by distillation under 
reduced pressure with the application of a small amount of heat. This method, 
however, presented two difficulties. First, as more and more acetone was dis- 
tilled off, the residue became thicker and thicker, and it was only by great effort 
and careful regulation of applied heat that the material was prevented from 
bubbling up through the distillation system. There was no doubt that some of 
the extracted material remained in the system. Second, it was not known 
whether or not thrombocytopen was heat stable, and hence some of its potency 
in the early extracts might have been lost by heating. With the new method 
of removal of acetone by evaporation under reduced pressure in a Bell jar, 
it was possible to obtain a residue rich in thrombocytopen to which no heat 
had been applied. 

The second difference in preparation was in use of the Seitz filter. Al- 
though ordinary sterile precautions were taken, and although the extract was 
always kept in the refrigerator, bacterial and other contamination necessarily 
occurred sooner or later. It was as an added precaution, then, that Seitz filtra- 
tion was carried out before injections. This procedure ruled out the possible 
effect of specific® as well as nonspecific organisms. 

The action of the present extract differed somewhat from that previously 
reported. For the most part, the production of thrombopenia followed the pat- 
tern established in the early experiments of Troland and Lee, but it was more 
prolonged, lasting in the case of rabbit R-17 seven days after the injection of 
lee. Furthermore, the effect of the extract was variable in that in some eases 
a secondary thrombocytosis was encountered. Whether this reaction was com- 
pensatory to the primary diminution in the platelet level, or whether it indi- 
cated some stimulatory effect of the extract on the thrombopoietie system, could 
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not be ascertained. Elevation of the blood platelet count above the normal has 
been observed experimentally under many different conditions. Bedson* noted 
prolonged thrombocytosis following splenectomy in rabbits. In the same species 
thromboecytosis has been observed following injections of bacillus thrombo- 
eytogenes,* following experimental productions of subeutaneous abscesses,® and 
after the administration of certain drugs such as pyrodine,®** trypan blue,’ 
phenylhydrazine,® turpentine and saponin.? Inhalations of carbon monoxide 
and carbon dioxide by rabbits also resulted in temporary increase in the number 
of platelets.* #° The effect of ultraviolet rays in raising the platelet count has 
been demonstrated by Steiner and Gunn™ and by Toyoda.’? Bedson* and 
Koster?’ described thrombocytosis after ‘‘blockade’’ of the reticulo-endothelial 
system with India ink. Clinically, thrombocytosis has been observed frequently 
following splenectomy, and platelet counts as high as 5 or 6 million have been 
reported.!* 15 

In none of the reports in the literature has thrombocytosis approached a 
platelet level of 9,450,000, as observed in rabbit R-19. In this rabbit, and in 
the other animals displaying unusually high platelet counts, abnormally large 
and irregularly sized platelets were frequently seen in the counting chamber 
and in smears. This phenomenon has been previously described by Bedson*® 
and others. 

No light has as yet been thrown on the precise manner in which thrombo- 
eytopen exerts its influence on the experimental animal. In two of the earlier 
animals, R-17 and R-15, in which the platelet counts were maintained at low 
levels for seven and eight days, respectively, post-mortem sections of the spleen 
showed megakaryocytes in great abundance. That they may occur normally 
in small numbers in adult rabbits is pointed out by Pianese.’’ Definitely in- 
ereased numbers were noticed by Bunting,!® and by Firket and Campos,’® fol- 
lowing intravenous injection of saponin in rabbits. Pugliese?® noted the same 
phenomenon in hedgehogs following repeated bleedings. To rule out the pos- 
sibility that the presence of megakaryocytes in the spleens of rabbits R-17 and 
R-15 was due to the repeated small bleedings necessary for blood studies, another 
animal, rabbit R-28, was subjected to venepuncture and removal of blood in like 
quantities for a period of ten days. This animal received no thrombocytopen, 
and sections made from the spleen and bone marrow removed at autopsy could 
not be distinguished from control sections obtained from biopsy specimens 
one month before the experiment began. Platelets in this animal were counted 
at least three times a day during the ten-day observation period. They were 
found to vary from 475,000 to 692,000. 


The prolonged effect of thrombocytopen in some of the experiments being 
reported suggested the possibility that the extract might affect the megakaryo- 
eytes directly. The condition of the bone marrow and megakaryocytes in 
idiopathic thrombocytopenic purpura has never been adequately settled. 
Jedli¢éka and Altschuller,** and Papp and Antognini® noted morphologic 
changes in the megokaryocytes of bone marrow in several cases of purpura. 
Willi?* studied megakaryocytes during different phases of thrombocytopenic 
purpura. He noted no variations in megakaryocytes, and saw no sign of 
platelet formation in severe forms of the disease. In 6 cases of thrombocytopenic 
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purpura studied by Lawrence and Knutti? megakaryocytes were normal in 4, 

.and diminished in 2. Vogel, Erf, and Rosenthal®® observed no variations in 
quantity or quality of megakaryocytes. In our own studies no numerical or 
morphologic changes could be detected in the bone marrow giant cells, either 
in animals whose platelets had suffered a reduction in number, or in those 
whose platelets had reached very high levels. Observations made by supravital 
technique or on fixed material stained by Wright’s or hematoxylin and eosin 
failed to reveal significant alterations from the bone marrow picture shown in 
biopsy material taken before experimental injections of thrombocytopen were 
made. The mode of action of the extract is, therefore, still unsettled. 

It appears from the experiments that the potency of the extract, as preserved 
in aqueous solution, diminishes with time. The earlier experiments from De- 
cember to early April (three to seven months after splenectomy) showed an 
activity of the extract which was fairly uniform in that a given dose produced 
a diminution in platelets which was sometimes followed by a thrombocytosis. 
Later, however, gradually increasing doses were required, and finally even 
large doses had no effect. Whether this apparent decrease in potency could 
have been prevented by keeping the extract either in acetone or in the dry 
state was not determined. 

In recent months a number of investigators?**° have published reports 
dealing with failure to isolate thromboeytopen from spleens of patients with 
thrombocytopenic purpura. It is impossible to explain this apparent disparity 
in results. A point of interest arises, however, in the fact that many spleens 
extracted by the afore-mentioned workers were significantly heavier than those 
of Troland and Lee’ or the one in the present report. The question arises 
whether there may not be several forms of idiopathic thrombocytopenic purpura, 
depending on the size of the spleen and the presence or absence of an extract- 
able platelet-reducing substanee. Even clinically, a large spleen has raised 
doubts regarding the correct diagnosis of thrombocytopenic purpura according 
to Wiseman.*! Hobson and Witts*? recently found some platelet-reducing 
activity in the extract of a spleen from a case of purpura hemorrhagica. 


SUMMARY 


A preparation of thrombocytopen from a patient with idiopathic throm- 
boeytopenie purpura caused reduction of blood platelets in rabbits. In some 
eases a marked thrombocytosis followed, and in several experiments large 
numbers of. megakaryocytes could be found in the spleens of the animals 


studied. 

Four more control spleens, extracted in a similar manner, proved to have 
no effect on blood platelets. 

The potency of an aqueous solution of thrombocytopen diminishes with time. 
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THE EFFECT OF GOLD SODIUM THIOMALATE ADMINISTRATION 
ON THE BACTERIOSTATIC PROPERTIES OF THE SERUM 
IN PATIENTS WITH RHEUMATOID ARTHRITIS* 


Epwarp F.. Hartune, M.D., aNp Joyce Correr, B.A. 
New York, N. Y. 


LINICAL reports on the use of gold salts administered parenterally for 
the treatment of rheumatoid arthritis are becoming more numerous, and 
the reported therapeutic results are more favorable. Hartfall, Garland, and 
Goldie’ summarized the largest series (900 cases of all types of arthritis) 
in 1937. They obtained cures or striking improvement in 80 per cent of 
their cases of rheumatoid arthritis. The German, French, and English literature 
is now fairly voluminous, and, on the whole, favorably inclined toward this 
method of treatment, especially when confined to its use in rheumatoid arthritis. 

In the United States the reports on the use of gold salts in arthritis are 
not as numerous. They include those by Sashin and Spanbock,? Oren,* Phillips,‘ 
and Snyder, Traeger, and Kelly. Our own experience with the use of gold 
salts is somewhat comparable to the favorable reports in the literature. We 
have observed that gold salt therapy gives a higher percentage of improvement 
than any form of therapy yet used by us in the treatment of rheumatoid 
: arthritis. Our own results approximate those of Hartfall and associates to 
- the extent that 60 per cent have shown marked improvement. We cannot at 
: present report the percentage of cures, because it is our opinion that patients 
with arthritis should be followed for a minimum of five years before they 
are reported as cured, and none of our patients treated with gold salts have 
been under our observation that long. 

In the past, and at present, a variety of gold compounds, in aqueous or 
oil solution, have been used by investigators. Our own clinical observations 
are limited to the use of aqueous gold sodium thiomalate, administered sub-- 
eutaneously. In the usual case of rheumatoid arthritis, according to the 
schedule we have gradually developed, this is injected once a week in 5, 10, 
25, and occasionally 50 mg. doses, until a total of 1 Gm. has been given. After 
an interval of twelve weeks, the entire course is repeated. It is sometimes 
deemed necessary to give a third course. Toxie reactions are rather frequent. 
Minor difficulties are encountered in at least one-half of the patients treated, 
and serious reactions in fully 15 per cent. 


OBJECTIVE 





Our objective in the investigation reported here was to study the bacterio- 
statie properties of the serum before and after the parenteral administration 
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of gold salt in varying amounts. We were also interested in observing the 
effect of gold salt administration on the agglutinin titers. Such studies 
might throw some light on the serologic and pharmacologic action of gold salt, 
and suggest a hypothetical explanation of its apparent effectiveness in the 
treatment of rheumatoid arthritis. This and other studies now under way 
might also lead to a better understanding of the all too frequent toxic effects 
and point the way to methods of avoiding them. 











MATERIALS 






In planning a study of the bacteriostatic properties of serum before and 
after gold salt administration, an organism had to be arbitrarily selected against 
which to study these effects. It is generally believed that rheumatoid arthritis 
is a disease of infectional origin. However, the causative agent has never been 
conclusively demonstrated. The hemolytic streptococcus has been suggested, 
but on no firmer grounds than that a greater percentage of sera from patients 
with rheumatoid arthritis show agglutinins in high titers for hemolytic strep- 
tocoeci than do sera from patients with osteoarthritis, or from normal subjects.°® 
In our studies we used a beta hemolytic streptococcus (strain Greene) isolated 
from an acute mastoid infection. We do not in any sense imply that this 
organism is related to the etiology of rheumatoid arthritis. Other common 
laboratory microorganisms were used in various parts of the investigation. 
These will be detailed in the appropriate place. 

The gold salt used uniformly throughout these experiments was an 
aqueous solution of gold sodium thiomalate administered as already outlined. 
It contains 50 per cent metallic gold. In addition, we were interested in observ- 
ing the bacteriostatic effects following the administration of colloidal gold, a 
1 per cent metallic gold in colloidal suspension, and bismuth subsalicylate, 
10 per cent in oil. 

The persons on whom we investigated these effects were all patients with 
typical rheumatoid arthritis. All of them exhibited the usual clinical and 
x-ray findings, together with various degrees of elevation in the sedimentation 
rate. Most of them were ambulatory. 




















TECHNIQUE FOR DETERMINING BACTERIOSTASIS 









A seventeen-hour culture of hemolytic streptococcus, strain Greene (a beta 
strain, Group A) grown in 1 per cent dextrose meat infusion broth was diluted 
1:5,000. One five-hundredth cubie centimeter (0.05 ¢.c.) of this dilution was 
added to 1 ¢.c. of the serum to be tested. This amount of culture usually pro- i 
duced from 5 to 25 colonies. The inoculated serum was then incubated at i 
37° C. for forty-eight hours. 

The growth in the inoculated serum was estimated as follows: 

A. One five-hundredth cubie centimeter (0.05 ¢.c.) of the inoculated serum 
was plated in blood (1 ¢.e.), agar (10,¢.¢.). 

B. A 1:1,000 dilution of the inoculated serum was made. One five-hun- 
dredth cubic centimeter (0.05 ¢.c.) of this dilution was likewise plated in blood 
agar as above. 
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After twenty-four hours’ incubation the colony growth on the plates was 
counted and the growth was estimated in colonies per cubic centimeter of 
original culture. This was done in the ease of the undiluted serum by multi- 
plying the number of colonies on the plate by 20, and in the ease of the diluted 
serum, by 20,000. 

All dilutions were made with stock 1 per cent dextrose meat infusion broth, 
dilutions with normal saline being avoided because of the known bacteriostatic 
effect of saline on the growth of streptococci in vitro. All tests were done in 
duplicate. 













TABLE I 


NORMAL CONTROLS 





SERUM AGGLUTININ TITERS AND BACTERIOSTASIS AGAINST HEMOLYTIC STREPTOCOCCUS, 


STRAIN GREENE 







































CASE NO. AGGLUTININ TITER BACTERIOSTASIS COL./C.C. 
1 Negative oc 1:1,000 dilution 
2 Negative o 1:1,000 dilution 
3 Negative 18,200,000 
4 2+ (1:80) 32,000,000 
5 Negative 14,400,000 
6 4+ (1:2,560) 

1+ (1:5,120) ec 1:1,000 dilution 
7 Negative o 1:1,000 dilution 
8 Negative 4,260,000 
9 Negative 1:1,000 dilution 
10 Negative 44,800,000 
1] Negative o 1:1,000 dilution 
ee Negative o 1:1,000 dilution 
3 Negative o 1:1,000 dilution 
14 Negative o 1:1,000 dilution 
15 Negative oc 1:1,000 dilution 
16 Negative o 1:1,000 dilution 
17 2+ (1:80) o 1:1,000 dilution 
18 Negative o 1:1,000 dilution 
19 Negative 82,000,000 
Negative 14,160,000 











RESULTS 











Experiment 1—Normal controls. The sera of 20 laboratory workers, all 
in good health, were studied for their bacteriostatic effect on hemolytic strep- 
tococecus (strain Greene), and their agglutinin titers against this organism were 

determined. Bacteriostasis was negligible (Table I) except in occasional in- 
: stances (Cases Nos. 3, 4, 5, 8, 10, 19, and 20). Some of these patients had 
3 recently received, or were receiving, vaccines or bacteriophage against colds. 
The agglutinin titers likewise were found to be about as has been usually 
observed in normal controls when a beta-hemolytie streptococcus was used as 
the antigen. 

Experiment 2.—The bacteriostatic eifect on hemolytic streptococcus, strain 
Greene, of serum taken before and after the administration of gold sodium 
thiomalate. The bacteriostasis was studied in patients with rheumatoid arthritis 
before the gold sodium thiomalate was given, and after varying amounts had 
been administered parenterally, in divided doses, according to the schedule 
: suggested above for the routine treatment of these patients. It was found 
(Table II) that the initial. bacteriostasis was about as in the normal controls. 
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After varying amounts of gold salt were administered there was a marked 
‘inerease in the bacteriostasis in every instance, even after as little as 60 mg. 
had been given. 






TABLE II 






BACTERIOSTATIC EFFECT OF SERUM TAKEN BEFORE AND AFTER ADMINISTRATION OF GOLD 
SopiuM THIOMALATE 



































GOLD SALT GIVEN INITIAL (TOTAL GOLD SALT FINAL 
CASE NO. BEFORE INITIAL BACTERIOSTASIS GIVEN BACTERIOSTASIS 
TEST (MG.) (COL./C.C. ) (MG. ) (COL./C.C.) 

1 0 o 1:1,000 dilution 175 350 
2 0 700,000 155 160 
4 0 «x 1:1,000 dilution 210 210 
6 0 oc 1:1,000 dilution 200 202 
7 0 o 1:1,000 dilution 210 185 
10 0 « 1:1,000 dilution 60 13,000 
1] 0 eo 1:1,000 dilution 310 160 
12 0 eo 1:1,000 dilution 245 250 
14 0 300,000 160 75 
15 0 o 1:1,000 dilution 210 150 
16 0 co 1:1,000 dilution 305 148 
18 0 o 1:1,000 dilution 415 178 
19 0 oc 1:1,000 dilution 335 100 
























TABLE III 






BACTERIOSTATIC EFFECT OF SERUM TAKEN AT VARIOUS INTERVALS DURING THE COUKSE OF 
GoLp Sopium THIOMALATE ADMINISTRATION 








































GOLD SALT GIVEN INITIAL TOTAL GOLD SALT FINAL 
CASE NO. BEFORE INITIAL BACTERIOSTASIS GIVEN BACTERIOSTASIS 
TEST (MG.) (COL./C.C.) (MG.) (COL./C.C. ) 

3 15 o 1:1,000 dilution 286 60 
5 250 ‘ Unsatisfactory 900 15 
8 85 o 1:1,000 dilution 147 112 
9 275 320 425 70 
13 15 Unsatisfactory 215 250 
17 205 50 250 50 
20 260 110 921 55 




















Table III reports the bacteriostatic properties of the serum in intermediate 
stages of the administration of gold salt. In these subjects, where gold salt 
had been given before the initial tests were done, the initial bacteriostasis was 
greater than normal (except in Cases 3 and 8, where only 15 and 85 mg. had been 
given) and was increased after more gold salts had been administered subsequent 
to the initial determination. It will be observed that the bacteriostasis induced 
was roughly proportional to the amount of gold salt given. In general, the 
maximum bacteriostasis seen in these experiments was observed after 147 to 
155 mg. had been given, and it did not materially increase even after many 
times these amounts of gold had been administered. 













Experiment 3.—We were interested in observing the effect of gold sodium 
thiomalate on the agglutinin titers of the serum against hemolytic strep- 
tococcus (strain Greene). Initial determinations were done and repeated after 
varying amounts of gold salt had been given. In general, no consistent changes 
were observed (Table IV). 
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TABLE IV 







SERUM AGGLUTININ DETERMINATIONS BEFORE AND AFTER THE ADMINISTRATION OF GOLD SoDIUM 















































THIOMALATE 
case GOLD SALT GIVEN INITIAL TOTAL GOLD FINAL 
~— BEFORE INITIAL AGGLUTININ SALT GIVEN AGGLUTININ 
oo TEST (MG.) TITER (M@.) TITER 
1 0 4+ (1:40) 175 3+ (1:20) 
2 0 4+ (1:160) 155 Negative 
1+ (1:2,560) 
} 15 4+ (1:160) 286 3+ (1:320) 
1+ (1:2,560) 
+ 0 Negative 210 Negative 
5 250 Negative 900 Negative 
6 0 Negative 200 Negative 
7 0 3+ (1:80) 210 44+ (1:2,560) 
1+ (1:160) 
85 Negative 147 Negative 
9 275 4+ (1:320) 425 2+ (1:160) 
1+ (1:1,280) 
10 0 Negative 60 Negative 
11 0 Negative 310 Negative 
12 0 Negative 245 Negative 
3 15 Negative 215 Negative 
14 0 Negative 160 Negative 
15 0 Negative 210 Negative 
16 0 Negative 305 Negative 
17 205 Negative 250 Negative 
18 0 Negative 415 Negative 
19 0 Negative 335 Negative 
20 260 4+ (1:20) 921 Negative 
1+ (1:80) 
i TABLE V 


i EFFECT OF CONTINUING ADMINISTRATION OF GOLD SODIUM THIOMALATE ON THE 
BACTERIOSTATIC POWER OF THE SERUM 




























































7 GOLD SALT BACTERIOSTASIS 
Cae a (MG. ) (COL./C.C.) 
2 0 700,000* 
50 1,600,000 
115 5,000 
155 160 
S 15 ox 1:1,000 dilution 
119 10,150 
286 60 
5 4 0 o 1:1,000 dilution 
60 21,000 
210 210 
11 0 o 1:1,000 dilution 
85 10,000 
i, 310 160 : 
; 18 0 o 1:1,000 dilution 
; 115 17,800 
415 178 














varying amounts had been given. 


*Vaccines previously administered. 


Experiment 4.—The effect of the continuing administration of gold salt 
on the bacteriostatic power of the serum. 
: tions of gold sodium thiomalate, and the bacteriostasis was determined after 
| From a review of Table V, it is observed 
that the bacteriostasis in each case increased in rough proportion to the total 


The subjects received weekly injec- 












HARTUNG-COTTER : 


amount of gold salt given. 
M bacteriostasis was greater than usual in the controls; and after 50 mg. of gold 


salt, it was less than at the initial determination. 
marked bacteriostasis was found, and after 155 mg. the bacteriostasis was still 


more pronounced. 


TABLE VI 
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In Case 2, for reasons not obvious, the original 


After 115 mg., however, 


CHANGES IN THE BACTERIOSTATIC POWER OF THE SERUM AFTER STOPPING 


ADMINISTRATION OF GOLD SoDIumM THIOMALATE 







































alt 
eC- 
er 
ed 











AMOUNT OF GOLD BACTERIOSTASIS 
a —_ SALT GIVEN (MG.) (COL./C.C.) 
6 8/24/39 0 o 1:1,000 dilution 
9/21/39 125 2,024 
10/31/39 200 202 
Injections of gold salts stopped 
2/13/40 0 60,000,000 
sel 9/19/39 0 eo 1:1,000 dilution 
10/21/39 310 160 
Injections of gold salts stopped 
4/ 4/40 o 1:1,000 dilution 
20 6/28/39 260 110 
11/20/39 921 55 
Injections of gold salts stopped 
2/15/40 | | 142,000,000 





Experiment 5.—Changes in the bacteriostatic power of the serum after 
stopping the administration of gold sodium thiomalate. In this experiment, 
3 patients with rheumatoid arthritis received 200, 310, and 921 mg., respectively, 
of the gold salt in divided weekly doses over varying lengths of time. Marked 
bacteriostasis resulted. In each case the administration was then stopped for 
important clinical reasons. After varying intervals of time had elapsed, the 
bacteriostasis was again determined and was found to have returned to the 
levels usually found in normal controls. In other words, after the gold salt 
had been withheld from these patients for from three to six months, the 
previously observed bacteriostatic power of their serum was found to be absent 
(Table VI). 

TABLE VIT 


EFFECT OF COLLOIDAL GOLD ADMINISTRATION ON THE BACTERIOSTATIC 
POWER OF THE SERUM 






































COLLOIDAL GOLD INITIAL TOTAL COLLOIDAL 
— GIVEN BEFORE BACTERIOSTASIS- GOLD GIVEN Ps 
ne INITIAL TEST (COL./C.C.) (CiC:) Eas tin Ae 
101 0 oc 1:1,000 dilution 6.0 oc 1:1,000 dilution 
102 0 eo 1:1,000 dilution 14.8 o 1:1,000 dilution 
103 0 oc 1:1,000 dilution 11.5 o 1:1,000 dilution 
104 0 3,000,000 3.6 o 1:1,000 dilution 














Agglutinin titers show no change throughout. 


Experiment 6.—Effect of colloidal gold administration on the bacterio- 
static power of the serum. We were:curious to see whether preparations of 
colloidal gold would induce bacteriostasis, as was observed after the administra- 


tion of gold sodium thiomalate. 


In 4 patients a preparation of 1 per cent 
colloidal gold was administered parenterally in divided weekly doses. In 
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Case 102 a total of 14.8 ¢.c. was given. This latter was equivalent to 280 mg. 
of gold sodium thiomalate in terms of metallic gold content. From Table VII, 
it is obvious that no bacteriostasis was induced in this case or in any other 
ease under observation. 

Experiment 7.—Bacteriostasis before and after the parenteral administra- 
tion of bismuth subsalicylate, 10 per cent in oil, in divided weekly doses. The 
initial bacteriostasis was determined, and again after varying amounts of 
bismuth had been administered. Some bacteriostasis was produced by this 


method, but not in amounts comparable with that following the administration 
of gold salt (Table VITI). 


TABLE VIII 


EFFECT OF BISMUTH ADMINISTRATION ON THE BACTERIOSTATIC 
POWER OF THE SERUM 


































BISMUTH GIVEN 5 ‘ FINAL 
CASE NO. <a np a es se 
201 0 o 1:1,000 dilution 9.0 93,750 
202 0 o 1:1,000 dilution 15.0 o 1:1,000 dilution 
203 0 oc 1:1,000 dilution 17.5 25,600,000 
204 0 o 1:1,000 dilution 11.5 oc 1:1,000 dilution 
205 0 oc 1:1,000 dilution 14.0 40,000,000 
206 0 o 1:1,000 dilution 13.5 30,000,000 
207 0 o 1:1,000 dilution 8.5 o 1:1,000 dilution 
208 0 o 1:1,000 dilution 11.0 3,000,000 











TABLE IX 


In Vitro ErrEct OF GOLD SopluM THIOMALATE ON THE GROWTH OF HEMOLYTIC 
STREPTOCOCCUS, STRAIN GREENE 












































GROWTH OF HEMOLYTIC STREPTOCOCCUS, STRAIN 
DILUTIONS OF DEVELOPMENT OF GREENE, AFTER 48 HOURS’ INCUBATION 

GOLD SALT PRECIPITATE AFTER (coL./C.C.) 
(MG./C.C.) ADDITION OF CULTURE EXPERIMENT 11 EXPERIMENT 19 
10.0 0 Sterile Sterile 
1.0 1 plus Sterile Sterile 
0.1 0) Sterile Sterile 
0.01 0 Sterile Sterile 
0.001 0 Sterile Sterile 
0.0001 0 Sterile Sterile 
0.00001 0 300,000 5,720 
0.000001 0 o 1:1,000 ox 1:1,000 

: 0.0000001 0 x 1:1,000 x 1:1,000 














Experiment 8.—The in vitro effect of varying dilutions of gold sodium 
thiomalate on the growth of hemolytic streptococcus, strain Greene. Varying 
dilutions of gold sodium thiomalate in 1 per cent dextrose beef infusion broth 
were prepared. The first tube contained 10 mg. of gold sodium thiomalate in 
1 ¢.e., and the others contained lesser amounts, as recorded in Table IX. To 
each dilution was added 0.05 ¢.e. of 1:5,000 dilution of an eighteen-hour culture 
of hemolytic streptococcus (strain Greene). After forty-eight hours’ ineubation 
the amount of growth was determined. 

This experiment was repeated many times with rather consistent find- 
ings. Two typical results are reported in Table LX. In general, it was observed 
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that there was no growth in the tubes containing from 10 to 0.0001 mg. of gold 
sodium thiomalate, after which moderate and then luxuriant growth was ob- 
served. 

Six other organisms were arbitrarily selected and subjected to identical 
in vitro studies. The results were similar to those obtained when using hemolytic 
streptococcus, strain Greene, although less susceptibility to gold was shown by 
some of these organisms. The amount of bacteriostasis was roughly propor- 
tional to the concentration of gold salt present in the dilution. The details of 
these findings are summarized in Table X. 










TABLE X 






IN ViTrro EFFECT OF VARYING DILUTIONS or Gop SoprtuM THIOMALATE ON THE GROWTH 
or OTHER COMMON LABORATORY ORGANISMS 









































DILUTIONS OF BACTERIAL GROWTH AFTER 48 HOURS’ INCUBATION (COL./C.C.) 

GOLD SALT STAPH. STAPH. STREP. STREP. NON-| PNEUMO. PNEUMO. 
(MG./C.C.) ALBUS1 AUREUS2 VIRIDANS? |HEMOLYTIC4 | TYPE III5 TYPE VII6 

10.0 0 0 0 0 0 0 
1.0 0 0 0 0 0 0 
0.1 400,000 0 600,000 0 300 0 
0.01 8,600,000 0 oc 1:1,000 340,000 8,640 6,200 
0.001 oc 1:1,000 2,600,000 ox 1:1,000 2,800,000 4,280,000 140,000 
0.0001 c 1:1,000 | 10,040,000 oc 1:1,000 co 131,000 | a 1<1,000 8,000,000 
0.00001 o 1:1,000 | «1:1,000 | «1:1,000 | «1:1,000 | « 1:1,000 | « 1:1,000 
0.000001 oc 1:1,000 oc 1:1,000 oc 1:1,000 o 1:1,000 | « 1:1,000 cx 1:1,000 
0.0000001 o 1:1,000 | «1:1,000 | «1:1,000 | «1:1,000 | «1:1,000 | «1:1,000 





























1Staphylococcus albus (isolated from a boil). 

2Staphylococcus aureus hemolytic (isolated from a blood stream infection). 
3Staphylococcus viridans (isolated from a patient with endocarditis). 

4Nonhemolytic streptococcus (isolated by B. J. Clawson and others from a patient with 
“chronic arthritis’’). 

5Pneumococcus type III (from sputum). 
6Pneumococcus type VII (from’sputum). 


o 









TABLE XI 







IN ViTRO EFFECT OF VARYING DILUTIONS OF GOLD SoDIUM THIOMALATE IN 50 PER CENT WHOLE 
HuMAN BLOOD ON THE GROWTH OF HEMOLYTIC STREPTOCOCCUS, STRAIN GREENE 









































GROWTH OF HEMOLYTIC STREPTOCOCCUS, STRAIN GREENE, 
DILUTIONS OF AFTER 48 HOURS’ INCUBATION 
GOLD SALT 
(MG./C.C.) COL. / CC; COL./C.C. 
EXPERIMENT 1 EXPERIMENT 2 

10.0 7,720 2,550 
1.0 350,000 220,000 
0.1 o 1:1,000 ec 1:1,000 
0.01 «x 1:1,000 eo 1:1,000 
0.001 o 1:1,000 o 1:1,000 
0.0001 «x 1:1,000 cx 1:1,000 
0.00001 x 1:1,000 o 1:1,000 
0.000001 oc 1:1,000 oc 1:1,000 
0.0000001 ox 1:1,000 «x 1:1,000 
























When whole blood was added to the extent of 50 per cent of the final 
dilutions in these in vitro studies, the bacteriostatic power of the gold salt was 
destroyed in all except the first two tubes (Table XI). 






DISCUSSION 


In 1890 Koeh,’ and later DeWitt and Sherman,® reported that gold cyanide 
in dilutions of 1:2,000,000 inhibited the in vitro growth of tubercle bacilli. 
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Shortly after this, White® reported favorable results following the hypodermic 
administration of a combination of gold and manganese in the treatment of 

‘ tuberculosis. Somewhat later, Mayer,’® Spiess and Feldt,‘’ Mollgaard,’? and 
others reported on this form of therapy in tuberculosis. In 1928-1929 Umber™ 
in Germany and Forestier‘ in France almost simultaneously applied the use of 
gold salts to the treatment of rheumatoid arthritis, because of the hypothetical 
association of rheumatoid arthritis and tuberculosis. 


One explanation easily suggested for the apparent effectiveness of gold 
:, salts administered parenterally in certain infections was that they acted in the 
: body by exerting a direct bacteriostatic effect. Since, however, the in vitro 
inhibition of the growth of tubercle bacilli by gold salts was destroyed in these 
early experiments by the addition of human or animal blood, it was felt that 
the favorable results were not due to a direct bacteriostatic effect, but to the 
stimulation of some unexplained defense mechanism in the patient, most prob- 
ably the reticulo-endothelial system. Our own observations also showed the 
in vitro loss of bacteriostatic effect when blood was added to the broth dilu- 
tions, due possibly to a precipitation of the gold to an insoluble and inert form. 
Such inactivation may not occur, however, when the salts are injected paren- 
terally. 


Certainly there is no evidence that gold salts produced bacteriostasis by 
stimulating any of the known defense mechanisms of the body. Our observa- 
tions show that the agglutinin titers, at least for the particular streptococcus 
used by us, are not consistently affected, and the results of at least a thousand 
white and differential blood counts we performed, but have not reported here, do. 
7 not suggest that the leucocyte pattern is altered, except for an occasional increase 
4 in the eosinophiles, during the entire course of gold therapy. Also the bacterio- 
; stasis is not maintained, as might be expected from a stimulation of the protec- 
tive mechanisms, but is rapidly lost after the cessation of gold salt administration. 

The evidence induced by these experiments, therefore, supports the theory 
that gold salts could act by a direct effect on the causative agent of the rheu- 
matoid arthritis, assuming that the causative agent is infectional. Such a 
mechanism now appears to be the ease after the administration of sulfanilamide 
and allied compounds. In what way this would take place, by coagulation of 
the bacterial proteins, interfering with the processes of oxidation and reduction 
€ of bacterial metabolism, or by actual dissolution of the organism, is, of course, 
purely hypothetical; as a matter of fact, it is equally hypothetical at present 
in the ease of sulfanilamide and most other forms of chemotherapy. 

Still another mode of action of gold salts has been suggested. In experi- 
mental tuberculosis it was considered by some investigators that gold owes its 
effects to a toxie action on the capillary endothelium. Hyperemia, hemorrhage, 
and edema have been demonstrated about the tuberculous lesions. Also gold 
was found to be more toxie for tuberculous animals than for the controls. 
Whether similar phenomena take place in rheumatoid arthritis has not been 
determined. 


An understanding of the mode of action of gold salts is important, since 
it might carry with it a knowledge of the kind of patients in which gold is 
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likely to succeed, a rational system of dosage, an explanation of the failures, 
and an indication of the lines which might profitably be followed in the. develop- 
ment of new compounds. It is well known in chemotherapy that the slightest 
modification of a molecule carries with it profound changes in curative or 
toxic properties. This has been especially demonstrated in the past in the 
development of the pentavalent arsenic series. 

Also the intermediate and final fate of gold salts injected parenterally 
must be thoroughly investigated. However, until an adequate method for the 
quantitative determination of gold salts and their derivatives in the blood, 
organs, and excreta, is at hand, knowledge concerning their absorption, distribu- 
tion, and excretion will be lacking, and a rational system for administration 
cannot be developed. This latter knowledge is of special importance, in view 
of the toxic effects so commonly sequential to gold therapy. 
















CONCLUSIONS 





1. Subeutaneous injections of gold sodium thiomalate administered to 
rheumatoid arthritis patients in divided doses totaling as little as 60 mg. and 
up to 921 mg. were followed by a marked increase in the bacteriostatic power 
of the serum against hemolytic streptococcus, strain Greene. 

2. The observed bacteriostatic effects were in rough proportion to the 
total amount of gold sodium thiomalate given; the maximum effect being at- 
tained after from 147 to 155 mg. had been administered. The bacteriostasis 
disappeared after stopping the administration for three to six months. 

3. Parenteral injections of gold sodium thiomalate did not significantly 
increase or decrease the agglutinin titers for hemolytic streptococcus, strain 











Greene. 

4. Colloidal gold in amounts administered by us did not produce significant 
bacteriostasis. Bismuth subsalicylate was hardly more effective. 

5. Gold sodium thiomalate was found to be bacteriocidal in vitro against 
streptococcus hemolytic strain Greene, in dilutions through 0.000001 per cent, 
and bacteriostatic in higher dilutions. Other common laboratory organisms 
were similarly, though not as markedly, affected. The in vitro bacteriostasis was 
roughly proportional to the concentration of gold salt. The addition of whole 
blood to the extent of 50 per cent of the final dilutions in these in vitro studies 
almost completely destroyed the bacteriostatic effect. 
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TREATMENT OF PNEUMONIA IN RATS* 


A ComPaRATIVE Stupy OF THE THERAPEUTIC EFFICIENCY OF SULFAPYRIDINE 
AND RABBIT SERUM, AND COMBINATIONS OF THE Two, IN ARTIFICIALLY 
INDUCED TyPE I PNEUMOococcUS INFECTION OF ALBINO Rats 
SAMUEL H. Spitz, M.D., ELmMer H. Loveuurn, M.D., ann 
RicHarp H. BENNETT, M.D., Brookuyn, N. Y. 





ROSS and Cooper? in 1937 treated type I pneumococeal infections in rats 

with sulfanilamide and rabbit antipneumococeus serum, alone and in 
combination. They coneluded, from their experiments, that sulfanilamide was 
better than serum and that combined therapy was more effective than either 
therapy alone. 

In 1939, Kepl and Gunn? similarly treated type I pneumococeal infections 
in rats with sulfapyridine and rabbit serum. They concluded that, when 
treatment was begun within four hours after inoculation, the combined use of 
serum and sulfapyridine was more effective than either alone. But, when infec- 
tion was well established, serum was more efficacious than sulfapyridine; while 
at this stage the combined use of these preparations offered no more than serum 
alone. 

Both groups of workers inoculated the animals intrabronchially with type 
I pneumococci suspended in gastric mucin. Neither, however, report on blood 
cultures prior to and during treatment of the animals, making it difficult, 
therefore, to evaluate accurately the effectiveness of any therapy used, since 
the presence of infection had not been definitely established. 
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The experiments we report here were done to determine the comparative 
effectiveness of sulfapyridine and type I rabbit antipneumococecus serum when 
used alone and in combination in the treatment of type I pneumococcal infee- 
tion in rats. . 











SERIES I - SURVIVAL PERIOD OF RATS FIRST TREATED AT 6 HOURS ~ 
UOT ee, a: SR ee See Re R= | 2 S| 
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Fig. 1. 


METHODS 










Inoculation of the rats, as described in a previous paper,® was done by 
spraying a pneumococeal culture into both the pharynx and nares. This cul- 
ture, which was suspended in 15 ¢.e. of a physiologic solution of sodium chloride, 
consisted of the washings of the peritoneal cavity of a white mouse infected 
with type I pneumococci (RI strain), and contained, as a result of the peri- 
toneal inflammation, natural mucin in addition to the other components of an 
inflammatory exudate. The procedure was entirely nontraumatizing. 

To insure accurate dosage, the sulfapyridine was suspended in diluted 
condensed milk and was introduced through a stomach tube. The serum was 
administered by intraperitoneal injection. 

A total of 67 rats, weighing approximately 300 Gm. each, were thus in- 
oculated. Fifty-six became infected, as manifested by the developraent of 
positive blood cultures. Cultures of the blood were made prior to treatment, 
at six hours and twenty-four hours after inocuiation, and were repeated at 
twenty-four-hour intervals, until spontaneous death occurred or recovery 
ensued. Only those animals of the control and treated series which developed 
blood stream invasion were included in this report. 

The 56 rats which became infected were separated into two series, each of 
which, in turn, was divided into four groups. 
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In Series I, consisting of 22 rats, treatment was started six hours after 
inoculation, and blood for culture was taken just prior to beginning treatment. 
‘Included in this series were: Group A, 6 untreated controls. Group B, 5 
animals which were treated with seven doses each of 150 mg. of sulfapyridine 
at twenty-four-hour intervals. Group C, 5 animals which were treated with three 
doses each of 400 units of type I rabbit antipneumococcus serum at twenty-four- 
hour intervals. Group D, 6 animals which were treated with three doses each 
of 200 units of type I antipneumococcus serum at twenty-four-hour intervals 
and seven doses each of 75 mg. of sulfapyridine at twenty-four-hour intervals. 


In Series II, consisting of 34 rats, treatment was started twenty-four hours 
after inoculation. Blood cultures were made prior to institution of treatment, 
at six and twenty-four hours after inoculation. Included in this series were: 
Group E, 8 untreated controls. Group F, 8 animals which were treated with 
three doses each of 225 mg. of sulfapyridine, at intervals of twenty-four hours. 
Group G, 9 animals which were treated with three doses each of 600 units of 
type I antipneumococcus serum at twenty-four-hour intervals. Group H, 9 
animals which were treated with three doses each of 300 units of type I anti- 
pneumococcus serum at twenty-four-hour intervals and seven doses each of 
150 mg. of sulfapyridine at twenty-four-hour intervals. 


RESULTS 


Series I (Treatment begun at six hours). Group A: All 6 untreated con- 
trols died, the mortality rate being 100 per cent. The average period of 
survival was three days. Group B (Sulfapyridine): Three of the 5 rats died, 
the mortality rate being 60 per cent. The average period of survival of those 
dying spontaneously was 7.6 days. Group C (Serum): All five rats recovered ; 
the mortality rate was zero per cent. Group D (Sulfapyridine and serum) : 
One of the 6 rats died on the seventh day; the mortality rate was 16.6 per cent. 

Series II (Treatment begun at twenty-four hours). Group E: Seven of the 
7 untreated controls died spontaneously, the mortality rate being 86 per cent. 
The average period of survival was three days. Group F (Sulfapyridine) : 
Five of the 8 rats died; the mortality rate was 62.5 per cent. The average 
survival period of those dying spontaneously was 5.6 days. Group G (Serum) : 
Two of the 9 rats died, the mortality rate being 22.2 per cent. The average 
period of survival of those dying spontaneously was five days. Group H 
(Sulfapyridine and serum): Two of the 9 rats died; the mortality rate was 
22.2 per cent. The average survival period of those dying spontaneously was 
4.5 days. 

In the animals that recovered, the blood cultures, on the average, became 
negative on the fourth day of sulfapyridine therapy, on the third day of serum 
therapy, and on the fourth day of serum and sulfapyridine therapy. 

Post-mortem Results—All rats which survived were killed at the end of 
the fourteenth day and autopsied. The results of the post-mortem examination 
confirmed the existence of previous infection. 


Of the 26 rats that died spontaneously, in both the control and treated 
groups, it was found that 6 (Al, E2, E7, Fl, F4, and F5) had pneumonia and 
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empyema; 5 (A2, A4, E3, E6, and H2) had pneumonia, empyema, and peri- 
carditis; 3 (A6, B2, and D1) had pneumonia and pericarditis; 2 (E1, F3) 
had pneumonia alone; 2 (G1, G2) had pneumonia, pericarditis, and menin- 
gitis; 2 (A3, E4) had pneumonia, pericarditis, and peritonitis; 2 (Bl, F1) 
had bilateral empyema; 1 (A5) had pericarditis alone; 1 (B3) had menin- 
gitis alone; i (E5) had meningitis, empyema, and peritonitis; and 1 (H1) 
presented no lesions. 


SUMMARY AND CONCLUSIONS 


1. Type I pneumococeal infection, as manifested by positive blood cultures, 
was produced in 56 albino rats. Sulfapyridine alone, type I rabbit antipneu- 
mocoeeus serum alone, or sulfapyridine and serum in combination, were admin- 
istered to 42 animals, treatment having been started at either six hours or twenty- 
four hours after inoculation. 

2. In the treatment of pneumonia in rats, type-specific serum appeared to 
be more efficacious than sulfapyridine alone; whereas a combination of serum 
and sulfapyridine in approximately one-half the dosage of either used sepa- 
rately gave no better results than serum without sulfapyridine. 

We wish to express our appreciation to Doctors Tasker Howard, J. Hamilton Crawford, 
Wade W. Oliver, and Arnold Eggerth for their aid and criticism in the preparation of this paper, 


and to Misses Anne Smith and Dora Zuckerman for their aid in the preparation of the 
bacteriologic material used. 


REFERENCES 


. Gross, P., and Cooper, F. B.: P-Aminobenzene-sulfonamide and Antipneumococcal Serum 
Therapy in-Type I Pneumococcal Infections of Rats, Proc. Soc. Exper, Biol. & Med. 
36: 535, 1937. 

. Kepl, M., and Gunn, F. D.: Sulfapyridine and Serum Therapy in Experimental Lobar 
Pneumonia of Rats, Proc. Soc. Exper. Biol. & Med. 40: 529, 1932. 

3. Loughlin, E. H., Spitz, S. H., and Bennett, R. H.: A Simple Nontraumatizing Method 
of Inducing Pneumococcic Infection in Albino Rats, J. Las. & CLIN, MEp. 26: 1181, 
1941. 





CHROMOPHOBE PITUITARY ADENOMA WITH SIMMONDS’ DISEASE* 


Case Report WitH AUTOPSY 


Tuomas J. Moran, M.D., Mayvirw, Pa., AND George H. FerrermMan, M.D. 
PITTSBURGH, Pa. 


NTERIOR pituitary tumors causing a clinical and pathologie pattern re- 
sembling Simmonds’ disease (pituitary cachexia) are of sufficient rarity 
to justify the report of a single case. 


The present report deals with the post-mortem finding of a large cystic 
chromophobe adenoma of the anterior pituitary body in a middle-aged negress, 
and serves to explain a train of mental, visual, and cachectie disturbances noted 
clinically. 

The knowledge regarding Simmonds’ disease has increased considerably 
since Simmonds” first report in 1914. A helpful summary of the outstanding 
pathologie and clinical characteristics of the condition, as accepted today, was 
given in 1938 by Farquharson, Belt, and Duff? who also reported one of the 
largest personal series of cases. 


Excellent reviews of the literature were made by Calder in 1932° and 
Silver in 1933.4 Of the 70 cases from the world’s literature collected by Calder 
and accepted by him as true examples of Simmonds’ disease, only 9 were due to 
tumors or cysts. Several other writers have mentioned the rarity of cases of 
Simmonds’ disease due to neoplasm, although Horrax,® in speaking of material 
encountered in a neurosurgical clinic, stated that ‘‘cases of tumor exhibiting 
evidences of Simmonds’ disease . . . are not particularly infrequent.’’ 


REPORT OF CASE 


History—M. G., aged 54 years, a widowed negress and a domestic by occupation, was 
admitted to the Mental Department of the Pittsburgh City Home and Hospitals on July 9, 
1936. Her complaints at this time were sleepiness, nervousness, weakness, lack of energy and 
interest, and inability to work. 


Married and widowed, she had had one pregnancy that resulted in miscarriage. In 
1922 her uterus and adnexa had been removed for fibromyomas, chronic salpingitis, and 
ovarian cysts. Her normal weight was 118 pounds. 


She had been employed and in good health until the spring of 1934, when she began 
to notice abnormal sleepiness. Sometimes she would sleep continuously for as long as sixteen 
or seventeen hours. She also noticed pain in her back, hips, and legs. 

During the following year she had several ‘‘spells,’’ in which everything ‘‘went black.’’ 
During these attacks she stated that she lost consciousness, but had no convulsions and no 


urinary incontinence. 
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In March, 1936, she visited the outpatient clinic of a Pittsburgh hospital with the above 
complaints. Her physical examination was reported negative at this time. Blood pressure was 
148/78. Urinalysis was negative. Blood Wassermann and Kahn tests were negative. Blood 
nonprotein nitrogen was 36.1 mg., blood urea was 16.9 mg., fasting blood sugar was 84 mg. per 
100 c.c. She made no return visits to this clinic. 


Between this time and her present admission she complained of seeing ‘‘bugs on 
chandeliers’’ and ‘‘ puppies in corners,’’ both of which were apparently visual hallucinations. 


Because of her queer behavior her sister summoned a city physician in July, 1936. This 
physician recommended her admission to a mental hospital. He noted ‘‘low blood pressure, 
general asthenia, symptoms of neurasthenia bordering on melancholia, and unwillingness to 
eat.’’ ; 

During her ten-day stay in the observation ward, the patient was listless and quiet. She 
was cooperative, but often nervous and depressed. She was always sleepy. During an 
interview she fell asleep in her chair several times. She complained of numbness and weakness 
in her arms and legs, and lack of appetite. She stated that she had been eating only one 
meal daily while at home. She remembered the visual hallucinations but experienced them 
no more. Her general knowledge was poor. She was coherent and relevant in her answers. 
Her emotional reaction was simple and childish. Her orientation was correct and her memory 
was good. She was not deluded. 

The family history was irrelevant except that one sister had died of a mental disease 
of unknown classification. 

Physical Examination.—The patient was a well-developed mulatto negress, weighing 
101 pounds. The upper jaw was edentulous; the lower teeth were carious. The pupils reacted 
sluggishly to light. The chest was clear. The blood pressure was 120/64. Pulse rate was 
82 per minute. The temperature was 99.0° F. The abdomen was soft, with wrinkling of the 
skin. There was an old midline abdominal scar. Reflexes were noted as normal at this 
time. No other significant findings were recorded. Blood Hinton, Kahn, and Wassermann 
tests were negative. Urinalysis was negative. 

Progress——The patient was brought before the committing staff on the tenth day of 
hospitalization. She was not committed but was transferred to the Home Department, with 
a diagnosis of mental deficiency and dental caries. 

In the Home Department she attracted little notice. She lost weight gradually, failed 
in strength, and had increased difficulty in swallowing. She was apathetic and mentally 
dull. Her sight failed gradually. She helped with the work around the ward until prevented 
by her increasing weakness. She became bedridden and helpless in September, 1937. On 
October 10, 1937, she had an epileptiform convulsion. From this point on she failed rapidly. 
She was almost blind in November. On November 9, 1937, she passed into a semicomatose 
state from which she never recovered. On December 2, 1937, she had three epileptiform 
seizures. On December 7, 1937, she died. 

Clinical Diagnosis.—Cachexia of unknown origin. 


’ 


Autopsy.—Autopsy was performed three hours after death. 

The body was extremely emaciated, weighing only 75 pounds. The scalp hair was of 
normal amount, black, and kinky. The skin of face was loose and wrinkled, as was the skin 
of the abdomen. The breasts were flat and atrophic. The abdomen presented many old 
white striae. There was an old healed 15 em. midline scar below the umbilicus. Pubic and 
axillary hair were scanty. The escutcheon was feminine. There were many dependent pres- 
sure sores, including ones in the scapular, trochanteric, and sacral regions. There were also 
sores over either external malleolus. There was dependent edema of both lower legs. 

The pupils were round, regular, and equal, each measuring 0.4 cm. in diameter. The 
upper jaw was edentulous; the teeth remaining in the lower jaw were carious. The lower 
jaw was prominent, long, and protruding. The chest was flat and symmetrical. The abdomen 
was soft and flat. 

Head.—On attempting to remove the brain, a large partially cystic tumor mass was 
discovered in the sella turcica, extending up into the base of the brain. The brain was re- 
moved without rupture of the cystic portions of the tumor. The solid portion of the tumor 
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Fig. 1.—Showing tumor at base of brain. The cystic lobes are seen on either side. 


Fig. 2.—Sagittal section of the cerebrum showing the solid portion of the tumor pressing against 
the fornix and corpus callosum. 
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had to be removed forcibly from the right side of the sella. At this point part of the mushy, 
gelatinous tumor substance was left behind, where it had eroded through the pituitary capsule 
.and adjacent dura, and grown around the right internal carotid artery in the cavernous 
sinus. The floor of the sella was thinned, but its continuity was unbroken. The sella was 
2.25 cm. long, 2.50 cm. wide, and 2 em. deep. Except for the sellar enlargement, the base of 
the skull was not remarkable. 


Brain.—The brain weighed 1,400 Gm. and measured 17.75 by 14 by 9.5 em. The tumor 
mass at the base of the brain was 10 cm. wide, 6 em. long, and 6.5 em. in depth (see Fig. 1). 
The tumor was composed of a solid sellar portion and two symmetrical cystic prolongations, 
one extending into either cerebral hemisphere. 

The solid sellar portion presented a flat, yellowish-gray, soft but firm, granular, and 
friable cut surface. 

The cystic prolongations were remarkable in their symmetry, large size, and encroach- 
ment upon frontal and temporal lobes. Each of these two cystic units measured 5 by 4.75 by 
4.50 cm. Sagittal section of the cerebrum passed through the septum, dividing the two 
cysts so that neither was ruptured by the cut. The cyst walls were thin and fragile, with a 
dull bluish translucence. Each was filled with brown finely flocculent fluid. The extension of 
the cysts into brain substance was anterolateral in either case. On the left side the bluish 
translucency of the cyst could be seen externally in the divulged lateral fissure in the frontal 
lobe. 

No actual invasion of the brain tissue was observed, but there was compression atrophy 
of both frontal and temporal lobes, with flattening of the convolutions and near obliteration 
of the sulci over the vertex. 

The arterial and nervous elements at the base of the brain were greatly distorted. The 
basilar artery and the vertebral arteries were thin and attenuated. The divisional branches 
of the basilar artery gave off thin communicating branches to the internal carotid arteries on 
either side of the tumor. The anterior cerebral arteries could not be identified. The optic 
nerves were stretched, thinned, and flattened. The cystic prolongations reached anteriorly 
to the tip of either frontal lobe and extended back along the corpus callosum to the plane of 
the mammillary bodies (Fig. 2). The solid portion of the tumor extended from the sella up 
to the fornix where it had caused thinning of the fornix and corpus callosum. The solid 
tumor nearest the fornix was necrotic, being reddish-brown, mushy, and granular. 

Microscopic Description—From formalin-fixed tissue paraffin sections were made and 
stained with hematoxylin and eosin, phosphotungstic acid-hematoxylin, van Gieson’s connective 
tissue method, Wilder’s reticulum stain, and Spark’s differential stain for pituitary cells. 


The tumor was predominantly chromophobic. Small, slightly elongated or polyhedral 
cells were arranged usually in compact solid sheets and cords (Fig. 3), but often grouped 
around tiny blood vessels to form pseudorosettes (Fig. 4). A scanty, irregular fibrous con- 
nective tissue stroma was present. The essential cells were of two types (Fig. 5). The com- 
moner type was large and vesicular, with a heavy chromatin network and moderate variation 


in size and shape. The other type was smaller, with a compact, almost solidly staining, 
chromatin content. There were very occasional normal mitotic figures. The cytoplasm of 
most cells was scanty, pale, slightly granular, and neutrophilic. In the phosphotungstic acid- 
hematoxylin stains numerous, fine, rodlike mitochondria were found distributed chiefly in the 
periphery of the cytoplasm. In one small area a few large eosinophilic cells were seen. Near 
these eosinophilic remnants was a tiny microscopic colloid cyst, similar to the cysts found in 
the normal pars intermedia. 

The cyst walls were composed of fibrous tissue in whose meshes were many columns of 
tumor cells, similar to those in solid portions of the growth. Smear of the cyst fluid showed 
numerous red blood cells and an occasional tumor cell. 

Neck.—Unfortunately the thyroid gland was not examined. 

Thorax.—The left lung weighed 160 Gm., the right lung 270 Gm. The heart was very 
small, weighing only 135 Gm. 

Abdomen.—The liver weighed 750 Gm., the spleen 50 Gm. The left kidney weighed 105 
Gm., the right kidney 110 Gm. The adrenals were small and generally atrophic, 





Fig. 3.—Photomicrograph of tumor (368) showing typical arrangement of chromophobe cells; 
a scanty fibrous tissue stroma is seen (H. & E.). 
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Fig. 5.—Photomicrograph of tumor (X736) showing two types of chromophobe nuclei (H. & E.). 
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Microscopic examination of thoracic and abdominal organs revealed nothing of interest. 
Pathological Diagnoses.—Cystie chromophobe adenoma of pituitary body, Simmonds’ 
disease, emaciation, microsplanchnia. 


COMMENT 


Although certain phases of the clinical study in this case are incomplete, 
the entire picture conforms with that of Simmonds’ disease. 

Admittedly many of the clinical findings might be explained on the basis of 
an enlarging intracranial tumor in the region of the optic chiasm with pressure 
on neighboring structures. Nevertheless, the clinical presence of anorexia, 
progressive emaciation, mental impairment, asthenia, and somnolence, combined 
with the post-mortem findings of pituitary destruction and microsplanchnia, 
justify, in our opinion, the inclusion of this case in the Simmonds’ group. 

The neurologic symptoms are interesting, and could be due either to 
‘‘neighborhood signs’’ of a tumor or to anterior pituitary destruction. 

From a morphologic standpoint the tumor is benign. The fact that the 
tumor extended into the cavernous sinus is not in contradiction to this belief. 
There was compression of brain substance at other points but never replace- 
ment. 

The finding of pituitary tumor and Simmonds’ disease in a patient in a 
mental and home department re-emphasizes the well-known fact that a large per- 
centage of organic pituitary disorders are to be found in such institutions. 


CONCLUSIONS 


1. A case of Simmonds’ disease with pituitary tumor is reported with 
autopsy findings. 

2. The tumor, a semicystic chromophobe adenoma, had resulted in com- 
plete destruction of the pituitary body. 
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THE HISTOPATHOLOGIC CHANGES IN MYELINATED NERVE 
FIBERS OBSERVED BY THE POLARIZED LIGHT METHOD 
FOLLOWING ARTIFICIALLY INDUCED HYPERPYREXIA* 











H. M. WEAvER, Derroit, MIcH. 


INTRODUCTION 









HE introduction of artificially induced hyperpyrexia as a modern clinical 
practice has aroused in the minds of many investigators the desire to know 
the possible histopathologic effects of varying lengths of exposure to carefully 
controlled body temperatures. In cooperation with the Departments of Medicine, 
Pathology, and Anatomy of The Ohio State University, an extensive survey of the 
effects of hyperpyrexia was undertaken. The scope of this communication will 
be limited to that portion of the work concerned with the possible histopathologic 
alterations of peripheral myelinated nerve fibers from animals subjected to 
artificially induced hyperpyrexia. 












MATERIALS AND METHODS 









Healthy, young adult rabbits of both sexes were chosen as experimental 
animals. 

Hyperpyrexia-Producing Techniques.——Two distinetly different types of 
hyperpyrexia-producing machines were used in this investigation, viz., (1) the 
Kettering hypertherm, and (2) a radiotherm. 

The Kettering hypertherm employed was the same machine that is used 
for the treatment of patients in the Outpatient Clinic of The Ohio State Univer- 
sity Hospital. Elevation of the body temperature occurs in this machine (1) 
whenever the temperature of the enclosed air exceeds that of the body, and 
(2) whenever the humidity of this same air becomes sufficiently great to prevent 
evaporation of sweat from the surface of the body. It should be emphasized here 
that this method of producing hyperpyrexia does not depend primarily upon in- 
creased heat production by the body, but instead it elevates the body tempera- 
ture by depressing the efficiency of the mechanisms for heat loss. 

The radiotherm employed was designed and built by Professors E. E. Drees 
and J. F. Byrne, of the Department of Electrical Engineering of the Ohio State 
University, for use in the study of experimental animals. The machine consists 
of a cabinet on two sides of which are located the electrode plates. Numerous 
apertures in the cabinet provide adequate circulation, and fiber-board guards 
prevent the animal from being burned by the electrodes. The machine produces 
wave lengths of 25 meters at 12,000,000 oscillations per second, and its radio 
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frequeney can be varied from 0.02 to 0.5 amperes, or 1 to 4 thermoamperes. 
Production of hyperpyrexia by this method, in contrast to hyperthermy, is due 
to heat generated in the animal’s tissues by the passage of an electric current. 

Parallel periods of hyperpyrexia were induced by the hypertherm and 
radiotherm techniques, respectively, and the tissue changes were compared. The 
investigation included the production of high temperatures for short lengths 
of time, as well as relatively low temperatures maintained over long intervals. 
Some of the animals were subjected to hyperpyrexia until death resulted, where- 
as others were allowed to recover. In a few instances rabbits were subjected to 
intermittent periods of sublethal hyperpyrexia over considerable intervals of 
time. 


During each extended period of hyperpyrexia all animals were given ap- 
proximately 50 ¢.c. of 1 per cent glucose in normal saline by stomach eatheter at 
three-hour intervals. The quantity of fluids administered and the frequency 
of the dose were varied to that necessary to maintain a constant body weight. 


Rectal temperatures in degrees Fahrenheit were recorded from each animal 
at fifteen-minute intervals during all periods of experimentally induced hyper- 
pyrexia. 


All animals not subjected to lethal temperatures were canceled by air 
emboli. Complete autopsies were performed immediately after death in all cases. 

Histopathologic Metiod.—Preliminary observations demonstrated the neces- 
sity of a sensitive technique for the study of the possible alterations in the 
peripheral myelinated nerve fibers of the animals used in this experiment. The 
work of Baldi,' Setterfield and Sutton” * Sutton, Setterfield, and Krauss,* Setter- 
field and Baird,® Setterfield and Weaver,’ Toomey and Weaver,” ® and Weaver 
and Kitchin® has convinced me that the polarized light method is the most 
sensitive and accurate technique available for studying degenerative phenomena 
in peripheral myelinated nerve fibers. 


The nerves to be studied were removed from the animal at autopsy, laid 
out without stretching on a segment of a tongue depressor, and fixed for twenty- 
four hours or longer in a solution of 10 per cent neutral formalin. The nerves 
were then cut longitudinally on a freezing microtome at a thickness of 10 
microns. The sections were floated onto slides from water and mounted in 
neutral glycerin. 


Examination of peripheral myelinated nerve fibers by the polarized light 
method reveals the presence of two optically different materials, namely, (1) 
those exhibiting the phenomenon of birefringence, and (2) those characterized by 
the state of isotropism. In rotating the stage of the microscope through 360 
degrees, the birefringent material can be seen to become alternately light and 
dark four times in each revolution. The isotropic material, on the other hand, 
remains dark at all points in the revolution of the stage. 

In general, the appearance of peripheral myelinated nerve fibers, as seen in 
polarized light, closely resembles that revealed by the classic techniques. The 
axis eylinder, neurokeratin framework, and myelin sheath require special 
description. 
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The axis cylinder (Figs. 1 and 2), as commonly referred to in the literature, 
is composed of two portions, ie., (1) an inner cylindrical rod, the true axis 
cylinder; and (2) an outer enveloping sheath, the non-neurofibrillated portion 
of the axis cylinder. In polarized light the true axis cylinder is isotropic, deep 
black, homogeneous, and of uniform ealiber throughout its length. The non- 
neurofibrillated portion of the axis cylinder, as seen in polarized light, is iso- 
tropic, but less intensely black than the true axis cylinder, and very slightly 
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. Fig. 1—Drawing of normal nerve fiber as seen in polarized light. Approximately 3,000 
diameters. , 
1. Non-neurofibrillated portion of the axis . Cementing disk. 
cylinder. 9. Bracket of Nageotte. 
. Sheath of Schwann. . True axis cylinder. 
True myelin. . Ostium of infundibulum. 
Naked axis cylinder. 2. Nucleus of Schwann cell. 
. Infundibulum. . Incisure of Schmidt-Lantermann. 
. Neurokeratin trabecula. . Infundibular ring. 
. Swollen part of non-neurofibrillated portion 
of axis cylinder. 
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granular. Most authors have described the axis cylinder to be of constant caliber, 
except for a constriction at the level of the cementing disk, above and below 
which there is an enlargement. By reference to Fig. 1 it can be seen that it is 
the non-neurofibrillated portion of the axis cylinder only that is involved in this 
enlargement and in the constriction. 
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EXPERIMENTAL PROCEDURE, OBSERVATIONS AND RESULTS 








GROUP 


FEVER 
MACHINE 





A 





Radiotherm 





TREATMENT 





Control 


MICROSCOPIC APPEARANCE OF NERVE FIBERS 





Normal (Figs. 1 and 2). The nerve fibers 
in this species of animal are somewhat 
peculiar in that the non-neurofibrillated 
portion of the axis cylinders show some 
slight peripheral irregularity, and are 
characterized by a more or less pro- 
nounced vacuolization just above and 
below the cementing disk. Whenever 
these terms are employed in the descrip- 
tion of nerves from experimental animals, 
it is to be understood that they repre- 
sent changes over and above that seen in 
a normal fiber. 





Lethal tempera- 
ture 


Normal 





Hypertherm 





Lethal tempera- 
ture 





Radiotherm 





109.0° F. until 
death 


Normal 





Extensive peripheral irregularity and 
marked vacuolization at the nodes of 
Ranvier of the non-neurofibrillated por- 
tion of the axis cylinders. Numerous 
petechiae in the nerve trunk. In one an- 
imal degeneration was more marked in 60 
per cent of the fibers. In the latter (Fig. 
4) the myelin sheath contained much iso- 
tropic material; approximately 25 per 
cent of the true axis cylinders were frag- 
mented; the non-neurofibrillated portions 
of the axis cylinders were badly swollen, 
fragmented, and more markedly vacuo- 
lated; the neurokeratin framework was 
swollen and isotropic; nodes of Ranvier 
were hardly recognizable; and the sheath 
of Schwann apparently contained more 
nuclei than normal. 





Hypertherm 











Radiotherm 


109.0° F. until 
death 


The nerve fibers showed some edema; the 
axis cylinders, both the true and non- 
neurofibrillated portions, showed an ex- 
treme degree of vacuolization and frag- 
mentation in the majority of the fibers; 
the myelin sheath contained numerous 
globules of isotropic material; the nodes 
of Ranvier were scarcely recognizable, 
but when seen were swollen and _ filled 
with isotropic material; the neurokeratin 
framework was either isotropic or hidden 
in the adjacent degenerated debris; the 
sheath of Schwann was edematous (Fig. 


3). 





108.0° F. until 
death. 
imal canceled 
after 13 hours 





One an- 





All fibers showed peripheral irregularity of 
the non-neurofibrillated portion of the 


axis cylinders. In half the animals the 
neurokeratin framework was swollen and 
isotropic, and there was edema of the 
non-neurofibrillated portion of the axis 
cylinders. One animal showed vacuoliza- 
tion and fragmentation of the non-neuro- 
fibrillated portion of the axis cylinders, 
and fragmentation of a large proportion 
of the true axis cylinders, together with 
considerable derangement of the nodes of 
Ranvier. Two animals showed isotropic 
material in the myelin sheaths, 
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EXPERIMENTAL PROCEDURE, OBSERVATIONS, AND RESULTS—CONT’D 








GROUP 


G 


NO. OF 
AN- 
IMALS 


FEVER 
MACHINE 


TREATMENT 


MICROSCOPIC APPEARANCE OF NERVE FIBERS 





2 


Hypertherm 


108.0° F. until 
death 


The myelin sheaths contained some isotropic 
material; the neurokeratin framework 
was swollen and isotropic; in about 50 
per cent of the fibers the non-neuro- 
fibrillated portions of the axis cylinders 
showed peripheral irregularity and were 
markedly vacuolated, and some showed 
considerable edema. 





Radiotherm 


107.0° F. until 
death 





"| Hypertherm 


107.0° F. until 
death 


Normal 





The non-neurofibrillated portion of the axis 
cylinders showed some edema, peripheral 
irregularity, and marked vacuolization. 
In one animal the neurokeratin frame- 
work was isotropic and swollen slightly, 
and one petechia was observed. 





Hypertherm 


105.5° F. for 43% 
hours and ean- 
celed 


The neurokeratin framework was slightly 
swollen and 10 per cent of the fibers 
showed edema of the non-neurofibrillated 
portion of the axis cylinders. 

















Radiotherm 


Intermittent pe- 
riods of 106.5° 
F. Total of 18 
hours. Seven 
days recovery 


In one animal there was a slight swelling, 
peripheral irregularity, and vacuolization 
of the non-neurofibrillated portion of 15 
per cent of the axis cylinders. In the 
other animal these changes were more 
marked, especially at the nodes of Ran- 
vier. Ten per cent of the fibers in this 
animal showed fragmentation of the true 
axis cylinders and isotropic material in 
the myelin sheaths. 





Hypertherm 


Intermittent pe- 
riods of 106.5° 
F. Total of 18 
hours. Seven 
days recovery 





One animal showed slight vacuolization of 
the non-neurofibrillated portion of the 
axis cylinders. In the other animal the 
fibers were normal, except for those in 
one small fasciculus which were charac- 
terized by a marked vacuolization of the 
non-neurofibrillated portion of the axis 
cylinders. 





Hypertherm 


Intermittent pe- 
riods of 108.0° 
F. Total of 50 
hours. Seven 
days recovery 


One animal showed peripheral irregularity 
of the non-neurofibrillated portion of the 
axis cylinders and marked vacuolization 


in 10 per cent of these structures. In 
the other animal the non-neurofibrillated 
portion of the axis cylinders was slightly 
vacuolated, and the neurokeratin frame- 
work was slightly swollen and isotropic. 





Radiotherm 


108.0° for 8 
hours, Thirty 
days recovery 


F. 


In one animal the nerves were normal. In 
the other animal the fibers showed a 
marked vacuolization of the entire length 
of about 10 per cent of the rion-neuro- 
fibrillated portions of the axis cylinders, 
and some isotropic material in the myelin 
sheaths. 





Hypertherm 





108.0° for 8 
hours. Thirty 
days recovery 


F. 





The myelin sheaths contained numerous 
globules of isotropic material; the neuro- 
keratin framework was swollen and iso- 
tropic; there was peripheral irregularity 
of the non-neurofibrillated portion of the 
axis cylinders in 50 per cent of the fibers, 
and marked vacuolization of the entire 
length of these structures in about 25 
per cent of the fibers. In one animal 
there was considerable derangement. /of 
the nodes of: Ranvier. 
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In a normal nerve fiber the neurokeratin framework (Fig. 1) is very difficult 

to see because its index of refraction is only slightly different from that of the 
. myelin sheath. Under an oil-immersion objective the neurokeratin framework 
appears as a thin, isotropic, skeletal system of anastomosing trabeculae, which 
bridge across the myelin sheath from the non-neurofibrillated portion of the 
axis cylinder to the sheath of Schwann. This spongy neurokeratin framework 
contains potential cavities of varying size—potential because they are filled with 
true myelin. In certain edematous and degenerative changes of the nerve fiber 
the neurokeratin trabeculae become larger and somewhat darker. 


Fig. 2.—Rabbit 100, Group A. are diameters. 


The myelin ‘‘sheath’’ (Fig. 1) is, in polarized light, the only structure in the 
nerve fiber exhibiting the phenomenon of birefringence. Under high magnifica- 
tion it becomes apparent that the myelin is not in the form of a sheath, but in- 
stead is present as variously-shaped globules confined to the interstices of the 
neurokeratin framework. As degenerative changes in a nerve fiber progress, the 
myelin progressively loses its birefringency and becomes isotropic. 


DISCUSSION 


An examination of the histopathologic changes noted in the peripheral 
nerves of the animals presented in this study reveals the necessity of a declare a- 
tion of their reversibility or irreversibility. 

During earlier studies on poliomyelitis (Toomey and Weaver’) it was 
pointed out that fragmentation of the true axis cylinders was always associated 
with some degree of muscular dysfunction. During acute stages of polio- 
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Fig. 4.—Rabbit 150, Group D. X1,575 diameters. 
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myelitis the number of true axis cylinders showing fragmentation were noted. 
If animals under similar conditions were allowed sufficient time to recover and 
‘their nerves again examined, the number of nerve fibers showing complete de- 
generation corresponded closely to the number of nerve fibers showing frag- 
mentation of the true axis cylinders during the acute stages of the disease. 
From this observation it was inferred that fragmentation of the true axis 
cylinder is irreversible in character, though it must be kept in mind that regen- 
eration of the fiber may occur if the cell body is not destroyed. 

Peripheral irregularity, vacuolization, and fragmentation of the non-neuro- 
fibrillated portion of the axis cylinder may be considered reversible in character, 
although these changes are indicative of injury to the nerve fiber. The intensity 
of the injury probably becomes progressively greater in the order that they have 
been named. The truth of this statement is indicated by the fact that in acute 
stages of poliomyelitis almost every nerve fiber is affected by these changes. If 
an animal showing these changes (for example, an animal suffering from acute 
poliomyelitis but showing little muscular dysfunction) is allowed sufficient time 
to recover and their nerves are again examined, essentially all the nerve fibers 
will appear normal. 

It should be pointed out that some vacuolization, especially at the nodes of 
Ranvier, and some peripheral irregularity throughout its entire length, is charac- 
teristic of the non-neurofibrillated portion of the axis cylinders of fibers from a 
normal animal. Whenever these terms were employed in the description of the 
nerves from the experimental animals employed in this investigation, it is to be 
understood that they represent a change over and above that seen in a normal 
fiber. 

The presence of isotropic granules in the myelin sheaths is undoubtedly an 
example of an irreversible type of degenerative change, although the presence 
of these granules is not necessarily indicative of neurologic dysfunction. From 
a series of isolated observations on the nerves of animals subjected to varying 
types of stress, during both acute and recovery stages, it is believed that these 
isotropic granules are removed by the phagocytic activity of the neurilemma 
cells. 

Edema of the fiber as a whole, or of any of its parts, with the single possible 
exception of the true axis cylinder; irregularity and waviness of the fiber; and 
swelling with increased isotropism of the neurokeratin framework, are all con- 
sidered to be reversible in character, and, when present alone, to be indicative of 
rather mild injury to the nerve fiber. 

Although it was in most cases considerably more difficult to maintain a 
constant temperature by radiothermy than by hyperthermy, a cursory examina- 
tion of the descriptions of the peripheral nerves reveals that degenerative changes 
were more marked in the series subjected to radiothermy. There appear to be 
only two possible explanations for this seeming dissimilarity: (1) The differ- 
ence in the microscopic picture of the nerves of the animals in the two series sub- 
jected to practically identical periods of average temperature may, in some 
eases at least, be explained by the fact that animals in the radiothermy group 
were allowed to move about freely, whereas the production of hyperpyrexia by 
hyperthermy necessitated restraining the animals so that their heads could be 
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retained outside the machine. Examination of the gross necropsy findings in 
the animals in both the radiothermy and hyperthermy groups revealed a marked 
derangement of the blood vascular system. Since the efficiency of peripheral 
circulation is influenced greatly by the tone and activity of limb muscles, it is 
only logical to assume that restraining the animal from moving would tend to 
depress the efficiency of the already nearly (or actually) inadequate circulatory 
system and, thereby, tend to hasten anoxia in the extremities. Since it is well 
known that nervous tissue as a whole is particularly sensitive to this condition, 
it might be utilized as an explanation, in part at least, for the more pronounced 
picture of degeneration in the nerves of the hyperthermy animals. (2) The 
passage of short radio waves through the tissues of the animal may in some 
manner unknown to me serve to counteract the deleterious effects of hyper- 
pyrexia or of its sequelae. 

Experiments are now in progress in which anoxia has been produced with- 
out elevation of the body temperature. Comparison of the tissues of these 
animals with those just described will, we trust, enable us to make a more 
definite statement as to the etiology of the histopathologic changes following 
artificially induced hyperpyrexia by the methods of radiothermy and hyper- 
thermy. 

The description of the histopathologic changes noted in the peripheral nerves 
of the different groups of animals reported in this paper has been summarized. 
No further discussion is indicated. 


SUMMARY AND CONCLUSIONS 


In cooperation with the Departments of Medicine, Pathology, and Anatomy 
of The Ohio State University, an.extensive program was undertaken, the primary 
object of which was to determine the possible histopathologic effects of artificially 
induced hyperpyrexia by the methods of hyperthermy and radiothermy. The 
present paper has been confined to the changes observed in the peripheral 
myelinated nerves of the animals used in this joint investigation. 

Using rabbits as the experimental animal, the investigation extended from 
the production of high temperatures for short lengths of time to relatively low 
temperatures over long intervals. Some of the animals were subjected to hyper- 
pyrexia until death resulted, whereas others were allowed to recover. Finally, 
a few rabbits were subjected to intermittent periods of hyperpyrexia over con- 
siderable intervals of time. 

From examination of the peripheral nerves by the polarized light method 
I have reached following conclusions: 

1. Degenerative changes were more marked in the series subjected to 
hyperpyrexia by hyperthermy than in the series subjected to comparable degrees 
by radiothermy. A possible reason for this was discussed. 

2. There was no change from the normal in the nerves of rabbits subjected 
to hyperpyrexia by hyperthermy or radiothermy, when the duration of hyper- 
pyrexia fell between thirty-three and, seventy-five minutes, and the terminal 
temperatures varied from 111.5° F., to 111.9° F. 

3. Hyperpyrexia by either method, in which the temperature varied between 
108.7° F. and 109.1° F., and the duration of hyperpyrexia varied from four 
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hours and five minutes to seven hours and two minutes, resulted in marked 
degenerative changes of irreversible and reversible types in the peripheral 
nerves of rabbits. 


4. In rabbits subjected to hyperpyrexia by radiothermy or hyperthermy 
until death, and in which the temperature did not exceed 108.3° F., the 
peripheral nerves were characterized by degenerative changes of the reversible 
type and, furthermore, the intensity of these changes was directly proportional 
to the height of the temperature. It is quite possible that changes of this nature 
are responsible for the occasional cases of neuritis seen in patients following 
artificial fever therapy. 

5. In rabbits subjected to intermittent periods of hyperpyrexia (approxi- 
mately one exposure of from three to six hours’ duration each week, and varying 
from 106.1° F. to 107.84° F.)—duration of hyperpyrexia extending from 
eighteen to fifty hours, with one week recovery time allowed between last ex- 
posure and time of cancellation, the peripheral nerves showed only mild in- 
tensities of the reversible types of degeneration. 


6. In rabbits subjected to hyperpyrexia by hyperthermy or radiothermy in 
which the temperature varied between 107.65° F. and 108.05° F. for eight 
hours, and in which thirty days intervened between the time of exposure and 
the time of cancellation, the peripheral nerves showed less change in the radio- 
thermy group than in the hyperthermy group. In both groups, however, there 
was evidence of a rapid return to the normal. 


I wish to express my sincere appreciation to Dr. Linden F. Edwards, associate professor 
of anatomy, Ohio State University, for his critical reading of and help in arranging this report; 
to Dr. Julien M. Goodman, then a medical student, and to Dr. Milton Berman, then a dental 
student, for the many hours they so patiently and skillfully devoted to the experimental proce- 
dure involved in this investigation; to Dr. Charles A. Doan, professor of medicine, Ohio State 
University, for his help in arranging the details of the experimental procedure of this investiga- 
tion, for furnishing the experimental rabbits, and for his generosity which made available the 
facilities and equipment of his department; to Dr. Paul C. Kitchin, associate professor of Den- 
tistry, for his permission to use the polarized light microscope and the photographic equipment 
of the College of Dentistry ; and to Mrs. Elizabeth Arrowsmith for her faithful execution of the 
drawing presented in this paper. 
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CLINICAL CHEMISTRY 


EFFECT ON THE NEWBORN OF VITAMIN K ADMINISTERED 
TO MOTHERS IN LABOR* 


J. W. Muu, Px.D., A. H. Bru, M.D., Aanp HELEN Skowronska, M.S. 
CLEVELAND, OHIO 





a. AN effort to eliminate hemorrhagic disease of the newborn, we have given 
synthetic vitamin K, in gelatin capsules containing 1 mg. of 2-methyl-1,4- 
naphthoquinone in corn oil,t to a series of 100 women in labor. The prothrom- 
bin clotting time was then determined on the babies, starting the first or second 
day of life, and usually repeated every other day until at least four determina- 
tions had been made. In some few cases babies were taken on successive days, 
when checks seemed desirable, and others on occasion skipped two days. Each 
determination reported was the result of three or more successive readings. A 
similar study was made on a series of 100 controls. 

For such a study a method economical in blood was necessary. An adapta- 
tion of the bedside method of Quick,' which gives a practical measure of the 
tendency to bleed, proved satisfactory. A total of 20 e.mm. of blood, drawn from 
a heel puncture, was discharged directly from the pipette into a similar amount of 
thromboplastin on a depression slide, and the mixture was stirred with a needle. 
The needle was then drawn through the blood until a clot was demonstrated. 
The interval between the contact of the blood with the thromboplastin and the 
first clot, read on a stop watch, is the prothrombin clotting time. Free flowing 
blood was necessary, the puncture being wiped clean each time before filling the 
pipette. Squeezing or milking tended to alter the results, and repeated tests 
from the same puncture tended to give faster clotting times. Duplicates could 
usually be obtained agreeing to within 0.5 second. When they did not agree, 
there was generally a recognizable reason, in which ease the value obtained under 
the more satisfactory conditions was accepted. 

The thromboplastin was prepared from rabbit brain as described by Quick,? 
and the dried product, well stoppered, was kept satisfactorily in the refrigerator. 
We found it advisable, however, to prepare fresh saline suspensions every third 
day, as with the frequent use necessary, we found a tendency toward slower 
results after the fourth day. The suspension was prepared by adding 0.3 Gm. of 
the dehydrated rabbit brain to 5 ¢.c. of normal saline containing 0.1 ¢.c. sodium 
oxalate (1.34 Gm. per 100 e.c.) and incubating for fifteen minutes in a water 
bath at 50° C. The stoppered suspension was then centrifuged very slowly for 
three minutes, and the milky liquid was decanted off for use. This was kept 
tightly stoppered in the refrigerator when not in use. , 





*From the Laboratory of the Maternity Hospital and the Department of Obstetrics, School 
of Medicine, Western Reserve University, Cleveland. 

{Thyloquinone or Microcaps were supplied by E. R. Squibb & Sons, New York. 
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We did not find the device of using the clotting time of a normal adult as a 
standard satisfactory for determining the percentage of prothrombin in the 
‘sample under investigation.* Repeated tests on normal adults, using the same 
procedure with finger blood substituted for the heel puncture, showed a consid- 
erable variation from time to time. In one person, H.S., tested on 14 different 
occasions, there was an extreme variation of from 14 seconds to 23.7 seconds. 
Another, J. M., varied from 15.5 seconds to 24.2 seconds, and a third, V. M., from 
16.8 seconds to 24.2 seconds. Furthermore, there is a difference between dif- 
ferent individuals taken at the same time under the same conditions. On March 
2, 1940, this amounted to almost four seconds between four normal adults; on 
November 26, 1940, to 1.6 seconds between two adults; and on December 19, 1940, 
to almost one second between two others. For this reason, we consider it better 
to use the average time, 19.2 seconds, determined from 21 different individual 
adults, as shown in Table I. We also feel it more accurate to report all findings 
directly in time, rather than converting them by formulas to percentages of 
prothrombin. 

TABLE I 


DETERMINATION OF PROTHROMBIN CLOTTING TIME ON NORMAL ADULTS 
Modified Bedside Method 


(Time in seconds. Thromboplastin preparation one to four days old.) 




















DETERMINATIONS MADE PATIENT NO. TESTS AVERAGE TIME 
3/ 2/40 to 9/ 6/40 nS. 14 19.3 
3/ 2/40 to 12/19/40 J. M. 4 20.3 
3/ 2/40 to 4/23/40 V. M. 4 19.8 
3/ 2/40 j R. M. 1 20.9 
5/ 1/40 to 5/ 2/40 rs, 2 21.1 
8/ 6/40 Ss. ao, 1 14.9 
8/ 6/40 M. G. 1 15.2 
8/14/40 M. K. 1 15.6 
9/20/40 to 9/21/40 D. D. 2 19.4 
9/23/40 to 9/24/40 E. 8S. 2 20.2 
10/ 7/40 J. 1. 1 19.4 
10/14/40 D. B. 1 18.6 
10/30/40 H. H. 1 21.2 
10/31/40 M. B. 1 21.7 
11/ 5/40 M. §. ] 19.2 
11/20/40 B. 8S. ] 19.5 
11/26/40 M2. 1 19.4 
11/26/40 M. M. 1 17.8 
11/29/40 Ay aa. 1 21.6 
12/19/40 1. 2. 1 18.7 
12/19/40 G. C. | 19.6 
Average time for all patients 19.2 








A summary of our results is presented in Table II. It is evident that the 
series receiving the vitamin K shows a much more rapid clotting time than the 
controls. The averages for each of the ten days studied is faster, the maximum 
values are lower in every group, and even the minimum findings are lower 
than those of the controls until the ninth and tenth days, by which time all 
infants are supposed to have re-established normal clotting times.‘ More strik- 
ing yet, however, is the fact that on the first and second days of life nearly a 
third of all the controls done were higher than the maximum found in the 
experimental series for those same days. On the third and fourth days over 
half of the controls were over the vitamin K series maximum, and even as late as 
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the sixth day a third showed a slower clotting time than the slowest treated 


patient. After the seventh day recovery is apparent, since both series approach 


the normal adult time. It is worthy of note that the maximum figures given in 
the table are not successive determinations on one or two babies, but in the ten 
days, are from 7 different persons. 


We tried to give the vitamin K capsules with water during the first stage 
of labor from four to ten hours before delivery, and before any anesthesia. 
Naturally this was not always possible, and in 11 persons, where it was evident 
that the time would be longer, a second capsule was given. In 18 other women 
delivery followed in less than four hours. Of these, 2 showed about the average 
clotting time, 9 were faster than the average, and 7 were slower; none of the 7, 
however, was as slow as the average for the control series. There were also 18 
patients who were not given a second capsule, although delivery came after ten 
hours. Of these, 8 were slower than the average for the treated series, 4 were 
faster, 5 were above average for the first day or two of life, then fell below the 
average, and one started slow then became better than average. One of these, 
below average throughout, by the fifth day had fallen below the untreated aver- 
age. From this we conclude that normally absorption of the drug is fairly rapid, 
four hours apparently being more than ample, but that the maximum effect 
begins to fade after about ten hours. The 5 babies that started faster than normal 
only to fall below later would indicate they had more of a supply of the vitamin 
in their systems at birth than untreated babies, but not enough to last until they 
had established their own supply. 

One case in the treated series stood out as a marked exception to all the rest. 
This mother was given two capsules, the first eleven hours forty-five minutes and 
the second four hours before delivery. Delivery was by breech extraction, with 
a large but normal baby. The five prothrombin clotting time determinations are 
given in Table II, but because they are so markedly different from the entire 
series they are not included in the averages or maximum values. Even so this 
one exception does not approach the higher figures of the untreated cases, as 
there were 9 untreated babies higher on the second day, 2 on the third, and 2 
on the sixth. We have no explanation for this peculiar case, but suppose it 
must have been due to failure of the mother to absorb the vitamin. No jaundice 
was apparent in either mother or baby, and no determinations were made on 
the mother. 

No clinical signs of bleeding were observed in either series. A few jaun- 
diced babies were noted, usually about the fourth or fifth day, but these in- 
variably had rapid prothrombin times, treated or untreated. None ‘of the 
babies were exposed to any strain on their systems, and it may well be that, 
as suggested by Quick,’ they were delicately balanced, and clinical bleeding 
would have followed any disturbing factor. 

We have observed a few cases where infants with prolonged bleeding or 
clotting times, or with clinical evidence of bleeding, have been treated directly. 
In these instances we have given 1 mg. doses, in oil, dropping the solution on the 
back of the tongue from a dropper or small syringe, without a needle. At first 
as much as 5 mg. in twenty-four hours was given; later this was reduced to 1 mg. 
every eight hours for twenty-four hours. In every instance the treatment has 
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been. satisfactory, all clinical signs clearing up within twenty-four hours, and the 
prothrombin time returning to about the normal average. In one such case a 
prothrombin time of over ten minutes fell to twenty-five seconds within forty- 
eight hours after treatment started. 







SUMMARY AND CONCLUSIONS 







The average prothrombin clotting time of babies whose mothers were given 
synthetic vitamin K (2-methyl-1,4-naphthoquinone) by mouth during labor was 
much faster than the average of a similar untreated series, and close to the 
normal adult average. 

From 15 to 50 per cent of the control series determinations made during the 
first six days were higher than the highest value in the treated series for the 
corresponding day. 

One milligram of the vitamin in corn oil during the first stage of labor, four 
to ten hours before delivery, proved effective. 

Three milligrams in twenty-four hours at eight-hour intervals, given direct 
to the baby by mouth, has been sufficient to control bleeding and reduce pro- 
longed prothrombin clotting times to normal. 

Administration of the synthetic vitamin K to women in labor has been 
adopted as a routine procedure at the Maternity Hospital and the Cleveland 
City Hospital. 
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BLOOD CHEMISTRY OBSERVATIONS IN LEUCEMIAS* 


Evans W. Pernokis, M.D., anp M. R. FREELAND, PH.D. 
CuHIcaco, IL. 


HE object of this paper is to report the blood chemistry findings on 9 
patients with myelogenous leucemia, and 4 patients with lymphatic leu- 
cemia. Acute, chronic, and aleucemic phases of the disease are represented. 


It has been observed for years that when the blood of patients with leu- 
cemia is drawn from a vein and allowed to stand for a short time a white fatty 
layer, or a fatty turbidity develops. This seemed to bear no relationship to 
food taking, and the sera drawn twelve hours after a meal were often as turbid 
as those drawn after the patient had had breakfast. When the blood of pa- 
tients with leucemia was spread on a slide for staining, it had a peculiar 
granular appearance not met with in any other type of blood dyscrasia. These 
observations led us to believe that in this disease there might be some dysfunce- 
tion of the fat metabolism. 


In 1925 Buckman, Daland, and Weld reported some observations on the 
phosphorus content of whole blood, plasma, and cells. They concluded that 


in myelogenous leucemia there was an increase of the phosphorus in the whole 
blood due to the increased phosphorus in the cells and that the serum phos- 
phorus remained the same. They also concluded that the total phosphorus con- 
tent of the cells depended on the number of immature cells present. We felt 
that in addition to the increased phosphorus and phospholipids in the cells that 
there must also be an increase in the lipoids of the blood plasma and serum in 
order to produce the turbidity noted in oxalated blood and the granular ap- 
pearance seen when making slides. 


Due to the difficult methods for lipoid determinations and the large vol- 
umes of blood required, it has been impossible to get complete determinations 
on all patients. We have, however, done cholesterol, cholesterol ester, lipoid: 
phosphorus, lecithin, total lipoid, and fatty acid determinations. The results 
of the lipoid determinations are listed in Table I. In addition we have done 
amino acid, inorganic calcium, phosphorus, and few nonprotein nitrogen de- 
terminations. Only two albumin and globulin ratios have been done. 


All the determinations were done by one of us (M.R.F.) in the labora- 
tories of the Presbyterian Hospital of Chicago. The methods used are the 
standard ones employed in the hospital laboratories and are listed in the 
references. Our results are summarized in Tables I and II, Table I dealing 
with lipoid chemistry and Table II with the other observations that we were 
able to make. 


*From the Department of Internal Medicine, Rush Medical College, University of Chicago, 
and the Laboratories of the Presbyterian Hospital. 


Received for publication, June 1, 1940. 


1310 





et - . = a 
Sab piatan Ps ~~ ut Soo meatne Fie eorratgeteee teense crema pe ea : 
e 7 ~ Sear vid se eer cn 








ScT 
L9 

996 
TEs 
O9T 
GEL 
€F1 
OTT 


L¥T0 
GGL 0 
FOTO 
6130 
LG8°0 
9FC'0 
003°0 
60°T 
Isto GEG 
CoS CLI 
TLE PtP LGE 
FS 6°S8 €ST 
Co T €°0¢ ISL 
86r'0 6°61 ccl OFZ 
6LF'°0 88ST OFS 
L6¥'°0 6°61 9ST GGG 
66F €S3°0 TOL T8 661 
L8¢ | F9€ | SZ6 | 6ST’ | 9ST'O | ETFO GOT 89 19 GL GL C9 | SFL | SET | SOG 
OL9 | $29 6LT'0 | GOTO : EZ TL FL GL CFL | SFL 
€8¢ | LGL | SSL | 6220 | G9Z'0 | 6EE'O 9°ST €ET | ZOL | 6¢ €EL | OTT COT} CGS | LIZ | FBG 
LOS | FOF | $39 | Z0Z'0 | 6S2'0 | 8620 6 IT GLT | 69 48 TOT | ¥6 E61] €13 | S9T | OTG 
s |alam| sg d aM aM s |alan|s |atan]s |] a | am 
(‘0°90 00T oe éf ria ; (0°0 OOT Mad | (0°0 OOT Maa | (*0°0 DOT Baa 
aad ‘DW ) (0°0 0OT aad “WD) ( pict ch, Raaaeng ow) Yad “WD ) ‘OW) SUTLSA ‘\W) 1ONEL ‘\W) TONTL 

SCIOV ALLVa satnasaminiaie SAYOHASOHd GI0OdIT | carogit tvLoL | TOUTLSAIOHO | -SaIOHO agua | -SHIOHO IVLOL 


HHH H SSS 


onat 
0d 0 od OO +H Hid 


HHH HAHAHAHAHAHA 


eto eS 


i) 
Moon ooocote 
HrDWrAaASSO 


WwW © 
ae 


Ne) 

SAN SCHOM HAN 
te) 

=| 


= 
Oo 
tm 


Cr q 
! 


r 
Bei: 
™ 
of 
Meh ey hey ty ey 
ir 


. 


P= 


. 
4 


AOD 
ae 


. 


3 
ae 


lo oo Rane lo | 
exe ee 


Hsssdss 































































































I @1av I, 





THE JOURNAL OF 


TABLE IT 


LABORATORY AND CLINICAL MEDICINE 








TYPE OF LEUCEMIA 


a) 
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~~ 


N.P.N. 


(MG. %) 


URIC 
ACID 


(MG. 


%) 


AMINO 
ACIDS + 


(MG. %) 


TOTAL 
PROTEIN 


(MG. %) 


ALBUMIN 


(%) 


GLOBULIN 


(%) 





Myelogenous 
Myelogenous 
Myelogenous 
Myelogenous 
Myelogenous 
Lymphatic 

Lymphatic 

Myelogenous 
Myelogenous 
Lymphatic 

Myelogenous 
Myelogenous 
Myelogenous 
Myelogenous 


259,000 
331,000 
381,000 
37,400 
319,000 
151,000 
108,000 
60,000 
70,000 
86,200 
8,850 
229,000 
400,000 
16,800 


39.2 


38.5 4.5 
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SUMMARY 


Twenty-one blood chemistry determinations were done on 9 patients with 
myelogenous leucemia in various states of remission and 3 patients with 
lymphatic leucemia. 

1. Blood cholesterol determinations on whole blood, plasma, and serum 
showed normal values in all but one case of myelogenous leucemia, which 
‘showed a total cholesterol of 67 mg. per 100 ¢.c. Values for the whole blood 
and serum were similar, being compatible with the experimental error, while 


those for the blood plasma were somewhat lower. 
terol between the free and ester forms was normal. 

2. Total lipoid determinations on whole blood, serum, and plasma were 
elevated much above normal. 

3. Lipoid phosphorus determinations were within normal values in all 
but 7 eases. It is doubtful whether the increase in the phospholipids in these 
7 cases is due entirely to the increase in the number of blast cells present, be- 
cause determinations on patients having even a higher number of blasts did 
not show an increase in the lipoid phosphorus. 

4. Fatty acid determinations were done on 5 patients. 
much above normal in whole blood, plasma, and serum. 

5. Eleven inorganie phosphorus determinations, and 8 calcium determina- 
tions revealed values within normal limits. 

6. Amino acid determinations on 5 patients showed values which were nor- 
mal for 4, and 16 mg. per 100 ¢.e¢., which is twice that considered normal for 
the fifth. 

7. Nonprotein nitrogen determinations were done on 5 patients, and the 
values were high normal. One uric acid determination was normal. 

8. Blood protein determinations were done on 2 patients and were found 
slightly below normal, with a slight increase in the globulin factor. 

9. One pH determination done on an acute myelogenous leucemia patient, 
who died twenty-four hours after entering the hospital, showed a value of 
7.15 in contrast to 7.38 for the normal control done at the same time with the 
glass electrode method. 


The distribution of choles- 


All values were 
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one case. 
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10. A biologie assay on a three-day sample of urine of one of the. myelog- 


enous leucemia ‘patients done through the courtesy of Dr. F. C. Koch in his 
laboratories showed: international units of androgen per day 15; estrogens as 
equivalent of theelin per day 12 gamma. The value for androgen is very low for 
normal males. 


CONCLUSIONS 


1. Total lipoids in all cases were greatly elevated, irrespective of the type 


of leucemia and the height of the blood count. 


2. Total and esterified cholesterol determinations were normal in all but 


3. The inorganic calcium and phosphorus determinations were normal. Non- 


protein nitrogen determinations were normal. 


4. Four amino acid determinations were normal, and one was elevated. 
5. Fatty acids were elevated much above normal. 
6. The difference between the total lipoids and the sum of the cholesterol, 


fatty acids, and phospholipid fractions was greater in all cases than the normally 
expected values for normal fats. 


7. Lipoid phosphorus was elevated in only a third of the eases and did not 


bear a constant relationship to the height of the white count and the number of 
blast cells present. 


Note.—Blood lipoid determinations were all done by the Bloor method and were begun 


before the work of Christensen” and Van Slyke and Folch" was published. This study of the 
lipoids in leucemias is being continued in our laboratories by both the Bloor method and the 
modifications suggested by the authors mentioned. 
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DETERMINATION OF BLOOD PYRUVATE IN VITAMIN B, 
DEFICIENCY* 


Prt Kuane Li, M.D., AnD Katsusr Kato, M.D. 
| CuHiIcaGo, ILL. 


tsi one of the most striking changes occurring in the tissues 
and body fluids in vitamin B, deficiency is the abnormal accumulation of 
carbonyl compounds, particularly pyruvic acid, as the result of incomplete or 
disturbed metabolism of carbohydrate, as demonstrated by Thompson and 
Johnson,’ and by Johnson, Meiklejohn, Passmore, and Thompson.? Extensive 
investigations by Peters and his associates have led also to the hypothesis that 
vitamin B, functions as a coenzyme in the oxidative catabolism of glucose, 
particularly in the decarboxylation of pyruvie acid.* Furthermore, Platt and 
Lu‘ reported finding definite increases of bisulfite-binding substances, consist- 
ing chiefly of pyruvie acid, in the body fluids of persons with beriberi. From 
these and numerous other observations it is at once clear that the accumulation 
of pyruvie acid in the tissues and body fluids may be regarded as a specific 
‘*biochemical lesion’’ produced by a lack of: vitamin B,, and Cowgill® suggests 
that quantitative examination of blood for pyruvate might be made the basis 
of a biochemical method for detection of a state of vitamin B, deficiency. The 


present series of experiments were undertaken to test the validity of this sug- 
gestion, and more specifically to find a simple and yet reliable method for the 
diagnosis of subclinical and clinical deficiency states in both man and animals. 


EXPERIMENTAL PROCEDURES 


For this experiment 12 normal rats were used, 6 males and 6 females, and 
each from a different litter. The males averaged 249 Gm. in weight, and the 
females 169 Gin. At the age of two months the animals were put on a synthetic 
vitamin B,-free diet having the following composition: 

Sugar 4,700 Gm. 
Devitaminized casein 1,500 Gm. 
Autoclaved liver 1,500 Gm. 
Crisco 1,700 Gm. 
Salt 250 Gm. 
Cod-liver oil 300 @.e. 


Kach animal was kept in a separate wire cage with free access to a supply of 
distilled water contained in a clean inverted glass bottle. Daily inspection of 
general condition was supplemented by a semiweekly recording of body weight. 

During the three days prior to the beginning of the devitaminized dietary 
regime, the blood pyruvate was determined in every animal, and the value so 
obtained was regarded as the normal basal level for that particular animal. 

*From the Department of Pediatrics, University of Chicago. 
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During the entire period of experiment, extending over sixty days, the con- 
centration of blood pyruvie acid was determined at weekly intervals. At the 
peak of avitaminosis, as evidenced by a pronounced increase in blood pyruvate 
and by the appearance of paralytic symptoms, a single dose (30 international 
units) of crystalline thiamin hydrochloride in aqueous solution was injected 
intraperitoneally. The changes in the level of blood pyruvic acid were then 
‘ollowed at intervals of two, four, six, eight, and twenty-four hours following 
(he injection. 

In order to ascertain the possible effect of inanition on the concentration 
of blood pyruvate, another group of 6 healthy rats, 3 males and 3 females, was 
put on an absolute starvation regime, allowing only an adequate supply of 
distilled water. The determinations of pyruvie acid in the blood of these 
animals were made at the end of twenty-four, forty-eight, and seventy-two 
hours. No further examinations were attempted inasmuch as after two days 
of starvation the values remained unaltered. 

The average normal values of blood pyruvate in rats were obtained from 
30 normal animals, equally distributed between the two sexes, and of different 
ages and litters. 

All blood samples for chemical analysis were obtained from a cut in the 
tip of the tail made with a sharp razor blade. Since exercise, muscular effort, 
and emotional excitement are known to influence the pyruvate picture, the 
animal was first wrapped in a piece of soft cloth and then placed in a small 
wooden box. A small circular opening was provided at each end of the box, 
the one in the front for ventilation and the other in the back for permitting the 
tail to protrude. The animal so placed in the box was allowed to rest for at 
least one hour before the blood was withdrawn. 


CHEMICAL METHODS 


From the time of the discovery of pyruvie acid by Berzelius® in 1835, no 
less than sixty different methods for its identification and estimation have 
appeared in the literature, according to the reviews published by Wendel’ and 
by Lu.’ However, only a few of these are applicable to clinical usage for blood 
analysis, and of these the following are noteworthy : 

(1) The bisulfite-binding substance (B.B.S.) method of Clift and Cook® is 
based on the property of the carbonyl compounds to react to bisulfite. This 
reaction, however, is not specific for pyruvie acid, since methylglyoxal, acetalde- 
hyde, formaldehyde, and other ketonie acids also give the same positive reaction. 

(2) The nitroprusside method of Simon and Piaux’® is generally believed 
to be specific for pyruvie acid, but the procedure is unsuitable for accurate 
quantitative analys's in the opinion of Platt." 

(3) The 2, 4-dinitrophenylhydrazine method of Case’? is based on the char- 
acteristics of pyruvie acid to form hydrazone, and its solution in alcoholic 
potassium hydroxide is determined colorimetrically against a standard. The 
method, earlier used by Neuberg and Kobel,’* and later modified by Peters and 
Thompson," is specific for pyruvie acid; but it necessitates the use of a large 
amount of blood, and the length of time required to complete such an analysis 
makes its employment inadvisable for clinical purposes, especially if one is 
working with small subjects. 
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(4) The recently reported method of Lu,® essentially a rapid and micro- 
modification of the Case-Neuberg technique, has by trial been found to be not 
only specifie for pyruvic acid but admirably suited as well for use in clinical 
laboratories, especially in infants’ and children’s hospitals. These advantages 
commend themselves to experimental work in which small animals (rats, rab- 
bits, and guinea pigs) are used. This method has been employed throughout 
the present investigation, the principal steps of which follow: 


From a fresh cut on the tip of the rat’s tail approximately 0.2 ¢.c. of blood 
is obtained and quickly dropped into a centrifuge tube containing exactly 1 ¢.c. 
of a 10 per cent solution of trichloracetic acid which has been previously 
weighed and kept at a low temperature in a vessel packed with finely shaved 
ice. After mixing the clotted blood thoroughly with the acid by means of a 
fine glass rod, the actual amount of blood is caleulated by reweighing the test 
tube and comparing its present weight with that prior to introduction of the 
blood. 


Complete precipitation of blood proteins is allowed to take place at this 
low temperature for fifteen to twenty minutes, and then the tube is centrifuged 
for five minutes at high speed (1,500 to 2,000 r.p.m.). The clear supernatant 
fluid containing pyruvic acid is carefully transferred to a clean test tube (tube 
1) by means of a long glass pipette. The precipitate is again treated with 1 c¢.c. 
of a 5 per cent solution of trichloracetic acid and, after reagitation, is allowed 
to stand for five minutes at low temperature to remove the remaining portion 
of pyruvie acid. The supernatant fluid obtained after centrifugation is added 
to the contents of‘tube 1. 

One cubic centimeter of a 0.1 per cent solution of 2, 4-dinitrophenylhydrazine 
solution in 2 N hydrochloric acid is next added to tube 1 and allowed to react 
at room temperature for at least ten minutes, for the complete formation of 
a hydrazone of pyruvic acid. The resulting hydrazone is then extracted with 
2 c.c. of ethyl acetate, by first aspirating the latter up into the pipette and then 
expelling it into the layer of hydrazone at the bottom of the tube. By repeat- 
ing the process several times a final homogeneous turbid mixture will be ob- 
tained. After standing a few minutes the bottom layer is then pipetted off into 
tube 2, the remaining acetate solution being kept in tube 1. 

Another 2 ¢.¢c. portion of ethyl acetate is then added to tube 2 and ex- 
traction of hydrazone is repeated as before. The bottom layer, which becomes 
water-clear upon complete separation of the two layers, is discarded, and the 
remaining acetate solution is carefully transferred to tube 1. 

The inner surface of tube 2 is rinsed with 2 ¢.c. of a 10 per cent solution 
of sodium carbonate, and the contents of the tube are then poured into tube 1. 
By means of the same pipette the top layer of the acetate is thoroughly mixed 
with the bottom layer of sodium carbonate. When the two layers are com- 
pletely separated, the bottom layer is transferred back to tube 2. The same 
procedure for extracting pyruvic acid with sodium carbonate solution is re- 
peated for the second and third times, the sodium carbonate layer being each 
time transferred to tube 2. The final acetate remaining in tube 1 is disearded, 
and the three extractions of pyruvie acid in sodium carbonate in tube 2 now 
total 6 ¢.c. in volume. 
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The final removal of a trace of hydrazone of ketonie acids other than 
pyruvie acid is made by the addition of 1 ¢.c. of ethyl acetate to tube 2. When 
the two layers are clearly separated, the yellow-colored bottom layer is care- 
fully transferred to tube 3. 

Four cubie centimeters of a normal sodium hydroxide solution are added 
io tube 8. The reddish color which then develops almost instantaneously will 
‘luetuate somewhat if any impurities happen to be present in the mixture; and 
if so, color due to substances other than pyruvic acid will disappear within 
ten minutes. While allowing these ten minutes to elapse, the photoelectric cell 
colorimeter (Evelyn) is in the meantime being warmed to its optimal working 
condition. The unknown solution is then transferred to a colorimeter cell and, 
using filter 520, a galvanometer reading is recorded. The amount of pyruvic 
acid is caleulated from a standard curve previously prepared by calibration 
of pure solutions of pyruvie acid (redistilled three times) in triple distilled 
water, in accordance with the directions given by Lu.® 


RESULTS OF ANALYSES 


The data obtained from blood analyses by the micromethod of Lu, as out- 
lined and presented in Table I and Charts 1 and 2, comprise: (1) normal 
pyruvie acid values in the blood of rats, (2) pyruvate picture in various stages 
of vitamin B, deficiency, (3) blood pyruvie acid determinations in starvation, 
and (4) effect of thiamin on blood pyruvate in vitamin B,-deficient rats. 

As seen from Table I, the average normal value for blood pyruvie acid in 
30 healthy rats, equally distributed between the two sexes, and ranging in age 
from two months to eight months, was 0.91 mg. per cent for the entire group. 
The maximum values were from 1.20 mg. per cent for females and 1.30 mg. 
per cent for males; the minimum figures varied from 0.50 mg. per cent for 
females to 0.60 mg. per cent for males. The standard deviations, as calculated 
> m? — M?, 

N 








from the equation, D.S. = VJ were + 0.03 for females and + 0.05 


for males. 

The data presented in Chart 1 depict the fluctuations in concentrations of 
blood pyruvate in 12 experimental animals at various stages of vitamin B, 
deficiency. The basal values in these animals were obtained within the three 
days prior to initiation of vitamin deprivation. That pyruvic acid progres- 
sively accumulates in the blood in direct proportion to the increasing severity 
of the deficiency state is evident. So much so, in fact, that by the end of the 
eighth week of observation, and coincident with the development of neurologic 
signs, the increase amounted to almost 500 per cent of the basal value. 

One complicating factor affecting the pyruvic acid level of the blood in 
avitaminous rats is the influence of inanition, since in the majority of experi- 
mental animals on vitamin B,-deficient diet anorexia was usually pronounced. 
In order to ascertain the effect of starvation, 6 healthy rats (3 males and 3 
females) were deprived of all food and given a generous supply of distilled 
water. Determinations of blood pyruvate were made at the end of twenty- 
four, forty-eight, and seventy-two hours following the institution of starvation 


regime. From the data so obtained, and presented in Table I, it is clear that 












Se ee ee 


Rei ea 
“aa 








penne 
wa ee Alt a ot WEE IS 







RENE. tn. yA 





ae 





ae TG Bal EA na A REN degen 















eee 






oa 







oN ee 







aR A ROT mane 
aie 5d Sire Ae AN rg as ne 


rece 






a Se or 










Side ae Seago, Ca ore oc ge agt  raeo Te Riing 
Panag hn Soa A Ne eee eS ewe 





sit 











pied i nk ORTON DAT 


1318 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


inanition produces a moderate increase in blood pyruvic acid values. These 
findings confirm the observations recorded by Lipschitz, Potter, and Elvehjem,* 
‘who found the liver’s ability to remove added pyruvate to be seriously im- 
paired in fasting. 
TABLE I 
CONCENTRATION OF BLOOD PYRUVATE IN STARVATION 
(3 MALES AND 3 FEMALES) 








HOURS OF STARVATION BLOOD PYRUVATE (MG. %) 
24 2.43 
48 3.15 
72 2.70 








The remarkably rapid and decisive influence of a single intraperitoneal 
injection of thiamin hydrochloride, in the caleulated minimal dose (30 inter- 
national units) for producing a state of saturation as recommended by Leong,”® 
is brought out in the data summarized in Chart 2. As revealed by these data, 
the action of thiamin in these animals is reflected within two hours after the 
injections, the blood pyruvate values dropping promptly to the extent of about 
50 per cent of the preinjection level. At the end of four hours following 
injections, general condition of the animals was markedly improved, yet in 
each animal at this stage the blood pyruvate values were definitely elevated. 
This phenomenon may be explained on the ground that thiamin produces 
greatly accelerated activity of the animal. Increased activity, in turn, requires 
a more adequate. liberation of phosphorylated thiamin, or cocarboxylase, by 
the cells in order to cope with the increased metabolism of the ketonie acid. 
By the eighth hour following injections the blood pyruvate usually had dropped 
nearly 65 per cent. One animal of this group, which failed to exhibit this 
typical response to thiamin at this stage, died about ten hours later. Platt’ 
reported a similar observation in some eases of human beriberi. At twenty- 
four hours after injections the pyruvic acid of the blood remained at prac- 
tically the same low level as in the previous examination. The clinical improve- 
ment was also remarkable, the only residual signs of deficiency being emacia- 
tion and spasticity of limbs. 


DISCUSSION 


According to Barron,'’ pyruvic acid is an extremely reactive substance, 
having possibilities of undergoing at least fifteen different biochemical reac- 
tions, either with or without the catalytic action of thiamin and its pyrophos- 
phoric ester. Thus the reactions of this ketonic acid, as characterized by reduc- 
tion, couple oxidation-reduction, amination and transamination, proceed with- 
out intervention of vitamin B,, whereas reactions such as oxidation, dismutation, 
and decarboxylation require its presence. From the work of Barron and 
Lyman’® the following statements may be quoted: ‘‘Under optimal conditions 
for oxidation, the pyruvic acid is directly oxidized to acetic acid and CO,; 
under optimal conditions for reduction it may be reduced to lactic acid or may 
he split by dismutation into acetic acid and formic acid... . The direction and 
the extent of these reactions will be determined by the value of the constants 
of the equilibrium reactions taking place under the conditions of the experi- 
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Chart 1.—Scattergram showing increasing values of blood pyruvate in direct proportion to 
progress of deficiency in rats. 


50 60 


















Thiamine hydrochloride (30 1.U.) 


Injected intraperitoneally 


cS in 
5 e) ay 
Before Injection 


w 
o 


i 





to 
o 


Concentration of Blood Pyruvate (mg. %) 








_— 
So 





2 4 6 8 24 
Hours after Injection 


Chart 2.—Effect of intraperitoneal injection of thiamin hydrochloride on blood pyruvate level in 
vitamin B:-deficient rats, 
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ment.’’ These significant statements reveal the fundamental principle by 
which vitamin B, therapy should be applied in clinical practice. 


While as yet no single system of glycolytic cycle has been satisfactorily 
established by either in vivo or in vitro experiments, pyruvic acid is now gen- 
erally looked upon as a normal intermediary product of carbohydrate me- 
tabolism. It is formed by the splitting of the glucose molecule with the media- 
tion of diphosphopyridine nucleotide during the process of glycolysis as well 
as in alcoholic fermentation. The degradation of pyruvic acid so formed pro- 
ceeds by means of the catalytic action of thiamin in its phosphorylated form, 
known as cocarboxylase or diphosphothiamin. From recent investigations of 
Goodhart and Sinclair’® it appears clear that vitamin B, circulates in plasma 
in the form of a free unphosphorylated thiamin which diffuses readily into the 
cells and passes out into the tissue fluid. Phosphorylation of the vitamin with 
the formation of cocarboxylase occurs within the cells. In the blood there is 
but little free vitamin B, or cocarboxylase, most of it being combined probably 
with specific protein, according to the work of Sinclair.2° Normal human blood 
contains an average of 7.0 micrograms per cent of carboxylase, mostly in combined 
form.?’ In the absence or in the definite diminution of this vitamin, therefore, 
the removal of pyruvie acid is greatly retarded. This retardation in the rate of 
pyruvate disposal is responsible for its accumulation within the tissues and 
body fluids; the resulting ‘‘pyruvie acid acidosis,’’ which is a specific bio- 
chemical lesion of avitaminosis B,, is a measure of this deficiency. 

Thus for diagnosing a possible vitamin B, deficiency state a direct estima- 
tion of either thiamin or cocarboxylase is logically the accurate measure. How- 
ever, owing to the fact that the actual amount of thiamin or of diphosphothiamin 
present in the blood is small, and especially so in avitaminosis, the direct meas- 
urement is more difficult to perform than is the indirect estimation made by 
determining the concentration of blood pyruvie acid. In fact, the data ob- 
tained from animal experimentation here presented conclusively demonstrate 
pyruvie acid determination to be a simple and yet reliable measure of vitamin 
B, deficiency. By this means not only the accurate diagnosis of the clinical 
type of deficiency is possible, but also the identification of the subclinical type 
is easily demonstrable. The clinical application of this procedure for the diag- 
nosis of vitamin B, deficiency in human beings will be reported in a subsequent 
communication. 


SUMMARY AND CONCLUSIONS 


The accumulation of the bisulfite-binding substances, particularly pyruvic 
acid, in the body fluids of avitaminous animals appears to play a significant 
role in the pathogenesis of symptom complex associated with vitamin B, de- 
ficiency. The present investigation was undertaken to ascertain whether or 
not estimation of pyruvie acid in the blood, rather than direct determination 
of thiamin or its cocarboxylase, could be used as a suitable method for the 
diagnosis of subclinical as well as clinical vitamin B, deficiency. 

The results of chemical analyses for pyruvic acid in the blood of experi- 
mental animals (rats) by the use of the specific micromethod (2, 4-dinitro- 
phenylhydrazone) as reported by Lu® indicate that by the end of the first 











month of thiamin depletion the amount of blood pyruvate increased more than 
260 per cent (3.49 mg. per cent) over the normal basal level (0.96 mg. per cent). 
During the second month the increase was almost 500 per cent (5.62 mg. per 
cent). Shortly before death there was usually a remarkable accumulation of 
pyruvie acid in the blood of thiamin-deficient animals. The magnitude of blood 
pyruvate appears to correspond roughly with the severity of clinical manifesta- 
tions, since during the first month the only noticeable signs of avitaminosis 
were loss in weight, weakness, and anorexia; but during the second month 
definite neurologic symptoms began to develop. Upon injections of thiamin 
lvdrochloride in these polyneuritie animals a prompt fall in blood pyruvate oe- 
curred. If the injection of thiamin is not followed by this characteristic drop in 
hiood pyruvate, death within twenty-four hours may be expected. 


. Thompson, R. H. 8., and Johnson, R. E.: 


LI-KATO: BLOOD PYRUVATE IN VITAMIN B, DEFICIENCY 1321 


REFERENCES 


Blood Pyruvate in Vitamin B, Deficiency, 





Biochem. J. 29: 694, 1935. 


. Johnson, R. E., Meiklejohn, A. P., Passmore, R., and Thompson, R. H. S.: A Note on 


the Level of Carbonyl Compounds in Human Blood, Biochem. J. 29: 2506, 1935. 


. Peters, R. A.: The Biochemical Lesion in Vitamin B, Deficiency, Lancet 1: 1161, 1936. 
. Platt, B. S., and Lu, G. D.: Intermediate Carbohydrate Metabolism in Vitamin B, 


Deficiency in Man, Proc. Physiol. Soc., 3rd General Congress, Chinese Med. Ass., 
1935; Chemical and Clinical Findings in Beriberi With Special Reference to Vita- 
min B, Deficiency, Quart. J. Med. 29: 355, 1936. 


. Cowgill, G. R.: The Physiology of Vitamin B,, J. A. M. A. 110: 805, 1938. 
3. Berzelius, J. J.: Ueber die Destillationsproducte der Traubens-ure, Ann. Physik u. 


Chem. 36: 1, 1835. 


. Wendel, W. B.: The Determination of Pyruvie Acid and the Preparation of Lithium 


Pyruvate, J. Biol. Chem. 94: 714, 1932. 


. Lu, G. D.: Studies on the Metabolism of Pyruvie Acid in Normal and Vitamin B, 


Deficiency States. A Rapid, Specific and Sensitive Method for Estimation, Bio- 
chem. J. 33: 249, 1939. 


. Clift, F. P., and Cook, R. P.: A Method of Determination of Some Biologically Im- 


portant Aldehydes and Ketories, With Special Reference to Pyruvie Acid and 
Methylglyoxal, Biochem. J. 26: 1788, 1932. 


. Simon, L. J., and Piaux, L.: Sur la caractérisation et dosage de ‘petites quantités 


d’acid pyruvique, Bull. Soc. chim. biol. 6: 477, 1924. 


. Platt, B. S.: Biochemical Changes, Especially of Pyruvie Acid, in Relation to Some 


Clinical Features of Beriberi, Tr. Roy. Soc. Trop. Med. & Hyg. 31: 493, 1938. 


. Case, E. M.: The Determination of Pyruvie Acid, Biochem. J. 26: 753, 1932. 
. Neuberg, C., and Kobel, M.: Die Bildung von Brenztraubensiure als Durchgangslied 


bei der alkoholischen Zuckerspaltung. Ihre Isorielung als Hauptprodukt der Girung, 
Biochem. Ztschr. 216: 493, 1929. 


. Peters, R. A.; and Thompson, R. H. 8.: Pyruvie Acid as an Intermediary Metabolite 


in the Brain Tissue of Avitaminous and Normal Pigeons, Biochem. J. 28: 916, 1934. 


. Lipschitz, M. A., Potter, V. R., and Elvehjem, C. A.: The Metabolism of Pyruvie Acid 


in Vitamin B, Deficiency and in Inanition, J. Biol. Chem. 123: 267, 1939. 


3. Leong, P. C.: Vitamin B, in the Animal Organism; the Maximum Storage of Vitamin 


B, in Various Species, Biochem. J. 33: 1394, 1939. 


. Barron, E. 8. G.: Thiamine and Sulfhydryl Reactions, Symposium on Tissue Respira- 


tion, Ann. Meet., Fed. Am. Soc. Exper. Biol., New Orleans, May 15, 1940. 


. Barron, E. S. G., and Lyman, C. M.: The Metabolism of Pyruvie Acid by Animal 


Tissue and Bacteria, J. Biol. Chem. 127: 143, 1939. 


. Goodhart, R., and Sinclair, H. M.: Deficiency of Vitamin B, in Man as Determined by 


the Blood Cocarboxylase, J. Biol. Chem. 132: 11, 1940. 


20. Sinelair, H. M.: The State of Vitamin B, in Blood, J. Soc. Chem. Ind. 57: 471, 1938. 
21. Goodhart, R. S., and Sinclair, H. M.: Estimation of Cocarboxylase (Vitamin B,, Diphos- 


phate Ester) in Blood, Biochem. J. 33: 1099, 1939. 





















§ BD ean ek er 2h PER 






— 












Sob a 







cast 


= Tere ear ae 









Scaandiisanelitasccnes 


She 





may 






A tlhe = Tae 






oar 







upon cee Jeers 












THE .ABSORPTION OF NICOTINE FROM CIGARETTE SMOKE* 
I. H. Pierce, Iowa Crry, Iowa 


eae aa many papers reporting work on the composition of cigarette 
smoke have been published, the question of the exact amount of nicotine 
absorbed in the smoking of a cigarette has, for the most part, escaped attention. 
Sollmann! states, ‘‘Between 15 and 90 per cent of the nicotine present in the 
tobacco are recovered from the smoke but a greater part of this is exhaled or 
expectorated.’’ This statement apparently refers to pipe or cigar smoking, for 
in the same paragraph the author says, ‘‘In cigarette smoking, where inhalation 
is commonly practiced, the percentage absorbed would be relatively high.’’ To 
quote from Asherson,? ‘‘the average cigarette contains 19 mg. of nicotine; in the 
portion actually smoked, about 14 mg., of this about 7 mg. enters the mouth.”’ 
Lehmann* found that about 5 mg. of nicotine was absorbed when the smoke from 
one cigarette was deeply inhaled. 


Since nicotine is extremely soluble in water and almost nonvolatile at body 
temperature, it would seem remarkable if it would escape being retained in a 


very high degree when brought in contact, as it is in the inhalation of cigarette 
smoke, with the very large surface of the respiratory tract. ‘The purpose of this 
study is to ascertain the amount of nicotine absorbed from cigarette smoke under 
conditions as nearly as possible like those present in ordinary smoking. 


EXPERIMENTAL 


- Three brands of cigarettes were used: No. 1, a popular, medium-priced 
American cigarette, had a nicotine content of 2.27 per cent. No. 2, a so-called 
Egyptian cigarette, had a nicotine content of 1.16 per cent. No. 3, hand-rolled 
cigarettes made from a low-priced granulated tobacco, had a nicotine content of 
2.63 per cent. All nicotine contents are based on dry weight of tobaeco. 

An absorption train was set up consisting of six ammonia-absorption tubes 
containing tenth-normal sulfuric acid. The cigarette was placed in a glass holder 
on the intake end and smoked by applying suction by mouth at the other end 
so as to draw the smoke into the train. Suction was applied at intervals, ap- 
proximating as closely as possible the frequency, duration, and depth of in- 
spiration employed in natural smoking. Ten aspirations were employed, since 
observation of smokers indicated that most of them draw about ten times while 
smoking a cigarette. That the aspirations were quite uniform was shown by the 
fact that the nicotine in the smoke from 5, 10, and 15 inspirations proved to be 
almost exactly in the ratio 1:2:3. The smoke thus inhaled is designated as the 

*From the Department of Pharmacology, College of Medicine, State University of Iowa. 

Received for publication, June 13, 1940. 
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‘‘main stream.’’ In some experiments the smoke escaping from the burning tip 
was drawn off continuously through a second absorption train and is herein 
designated as the ‘‘side stream.’’ 

For determining the nicotine in the exhaled smoke, the following pro- 
-edure was adopted: Air was drawn continuously through the train by a sue- 
‘ion pump, and the smoke from the cigarette, after being deeply inhaled, was 
blown into the intake end. The exhaled smoke from ten deep inhalations was 
collected, the respiratory tract being ventilated after each exhalation by taking 
several deep breaths and exhaling into the train. In some experiments the 
smoke, instead of being deeply inhaled, was only drawn into the mouth, held for 
a few seconds and expelled. The nicotine absorbed is the difference between that 
in the main stream and that in the exhaled smoke. 

Altogether, nicotine was determined in the cigarettes, the stubs, the main 
stream, the side stream, and the exhaled smoke. The cigarettes and stubs were 
extracted by the Kissling method, with final precipitation with silicotungstic 
acid. The smoke solutions were evaporated to a small volume, made alkaline, 
and the nicotine was distilled in a current of steam and precipitated with silico- 
tungstie acid. Pyridine, in the amounts present in cigarette smoke, does not 
interfere. 
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DATA 






There is some condensation of vaporized nicotine in the stub. The average 
nicotine content of the stubs of 50 cigarettes was 2.57 per cent, while that of the 
cigarettes was 2.27 per cent. 

The distribution of nicotine between the stub, the main stream, the side 
stream, and that destroyed is shown in Table I. 
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AVERAGES FROM 20 CIGARETTES, BRAND No. 1, 10 INHALATIONS 
Nicotine in Milligrams 
















IN SMOKE 


v J iS iE 
IN CIGARETTE IN STUB MAIN STREAM SIDE STREAM DESTROYED 


3.88 4.31 3.83 























23.83 


11.91 












The distribution is, of course, affected by tightness of rolling, moisture con- 
tent, and the manner in which the tobacco is cut, as well as by the duration and 
foree of aspiration. 
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The results of the experiments on absorption by deep inhalation are. shown 
in Table IT. 





a ee 






TABLE ITI 






AVERAGES OF 50 CIGARETTES, 10 DEEP INHALATIONS 
























Sekt ns. ey aneline aabaa ea eeicined 






















NICOTINE 

BRAND | NICOTINE IN IN IN IN a a 
No. % io ‘ INHALED EXHALED IN % OF ‘ 
. (44. ) tae » SMOKE SMOKE MG. NICOTINE ‘f 
: . (M@.) (MG.) INHALED - 
1 2.27 23.2 12.27 3.74 0.17 5.06 95.0 1 
2 1.16 11.65 6.16 2.76 0.15 2.61 94.6 | 
2.63 25.1 2.60 0.32 2.28 87.8 
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When the smoke is not deeply inhaled, but only drawn into the mouth and 
expelled after two seconds, the absorption is distinctly less, as shown in Table ITI. 


TABLE IIT 


AVERAGES OF 50 CIGARETTES, BRAND No. 1, SMOKE DRAWN INTO MoutTH ONLY AND 
EXPELLED AFTER 2 SECONDS. 10 INHALATIONS 








NICOTINE 





IN INHALED IN EXHALED | ABSORBED 
SMOKE SMOKE ingen IN % OF NICOTINE 
(MG.) (MG.) tinge INHALED 


3.74 0.85 | 2.89 77.3 











The absorption of total solids was determined in the same manner as was 
that of nicotine, except that the smoke was absorbed in tenth-normal hydrochloric 
acid, the solutions evaporated to dryness, and the residues weighed. The results 
appear in Table IV. 

TABLE IV 


ABSORPTION OF ToTAL SoLips. AVERAGE OF 20 CIGARETTES, BRAND No. 1, 
10 DeEP INHALATIONS 








IN INHALED IN EXHALED 
SMOKE SMOKE 
(MG.) (MG.) IN MG. | 


26.4 8.4 18.0 | 


ABSORBED 











DISCUSSION 


These results’show that of the nicotine present in the burned tobacco, about 
one-third is drawn into the mouth when a cigarette is smoked in the manner em- 
ployed in these experiments. This figure probably represents the maximum 
amount, for the inspirations were as deep as possible to secure uniformity. 

These experiments do not bear out the general impression that only a small 
fraction of the nicotine inhaled is absorbed. They show, on the contrary, that 
over 90 per cent is absorbed when the smoke is deeply inhaled and not much less 
when it is only drawn into the mouth. 

The smoking of one package of 20 cigarettes of brand No. 1, under the 
conditions of these experiments, represents the absorption, with deep inhala- 
tion, of 71.4 mg. of nicotine, or without the inhaling of the smoke into the 
lungs, of 57.8 mg. If a smoker consuming one package of cigarettes a day can 
continue the absorption of this amount of nicotine over a long period of time 
without deleterious effects, it indicates either the establishment of a very high 
degree of tolerance to the effects of nicotine or that the toxicity of this alkaloid 
in the human being is very much lower than that indicated by minimum lethal 
doses as determined on animals. 

The high degree of absorption of total solids is also of importance. These 
solids contain, besides nicotine, resinous and tarry substances, such as phenols, 
eresols, ereosols, ete., ammonium salts, and other constituents in small amount. 
These undoubtedly contribute to the irritating effect of the smoke. 


SUMMARY 


When cigarette smoke is inhaled deeply, over 90 per cent of the nicotine in 
the smoke is retained in the respiratory tract. 
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If the smoke is not inhaled, but is drawn only into the mouth and expelled, 
about 77 per cent is retained. ‘ 
The total solids of the smoke are retained to the extent of about 68 per cent. 
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THE APPEARANCE OF BLOOD BROMIDE AFTER ORAL INGESTION* 


FREDERICK B. FLINN, New York, N. Y. 


HE enactment of the Pure Food and Drug Law has brought many problems 

not only to the Government Bureau in charge of the enforcement of the act, 
but also to the manufacturers of self-medication products. Outstanding among 
these problems are those concerned with recommended doses and proper warn- 
ings as to possible dangers which may arise from incorrect use of many of the 
self-medication products on the market. Among the drugs which have received 
attention are the bromides, since they are contained in many preparations for 
the relief of minor headaches and pains. 

Ten to fifteen grains of bromide several times a day has been considered a 
safe therapeutic dose when taken under the supervision of a physician. In 
epileptic cases as much as 10 to 15 Gm. have been given over a period of years 
without any untoward effects. These large doses are not given at the beginning 
of the treatment but are attained by gradually increasing the daily dose. It is 
generally recognized that a rash may appear from the use of bromides in 
allergic persons. This rash apparently has no relationship to the dosage taken 
and disappears rapidly when the medication ceases. However, the rash, to- 
gether with persistent drowsiness, has been suggested as an early warning that 
the medication should be stopped. 

It was to determine the effects of daily doses over a period of weeks that the 
present study was undertaken. It is stated in the literature that no harmful 
effects appear in bromide treatment until the blood bromides reach 200 mg. per 
hundred cubie centimeters of blood. Because of this theory, we used the blood 
bromide as an indication of the possible danger that might arise from taking 
the drug. In our study we used sodium bromide entirely, although both the 
ammonium and potassium salts are frequently employed. We are reporting on 
these in a later paper. 

A group of 70 adults, ranging from ages 21 to 61, volunteered for our 
study. To assure that they would remain faithful to the study which lasted 





*From the Delamar Institute of Public Health, Columbia University, New York. 
Received for publication, July 31, 1940. 
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five months, they each received a nominal monthly fee and at the end of the 
study took an oath before a notary that they had carried out all of our in- 
' structions. No attempt was made to obtain only healthy persons in accepting 
the volunteers. The group contained several alcoholics. We felt that it was a 
representative cross section of the population. It consisted of college students, 
housewives, laboratory: assistants, laboratory workers, clerks, artists, artist 
models, watchmen and janitors, and doctors. 

Each individual received a careful physical examination at the beginning 
of the study, and at the end of the second and fourth months by a competent 
medical man who had no contact with them at any other time. Special atten- 
tion was paid to the following factors: nervous reactions; reaction time to 
light signals; electrocardiogram; oxygen capacity; carbon dioxide capacity ; 
hemoglobin; bromides in blood at the end of two, four, and five months, re- 
spectively ; urine bromides; and changes in the white and red blood cell counts. 

The blood gases and hemoglobin were determined by the Van Slyke method. 

For the determination of bromides we adapted the method of Katzenelbogen 
and Goldsmith, based on the reaction of brown gold chloride with bromide, the 
quantity being estimated colorimetrically. Certain modifications were made in 
the quantities of reagents used. Four cubic centimeters of blood were added to 
7 e.c. of 0.75 per cent sodium chloride solution and 3.4 ¢.e. of 20 per cent trichlor- 
acetic acid and allowed to stand for one-half hour. The solution was then 
filtered. One cubic centimeter of a 0.5 per cent acid brown gold chloride solution 
was added to 5 c¢.c. of the filtrate and mixed well. The color was read in the 
Zeiss Pulfrich Photometer with a green Zeiss filter S53. The quantity of bromide 
present in 100 ¢.c. of blood was read from a curve derived from known blood 
bromide solutions. From time to time we checked the results by the Brodie and 
Friedman? method. The gold bromide method was purposely used because 
practically all the results reported in the medical literature are obtained by the 
Wuth method. It is conceded that this Wuth method is not a scientific method 
and does not, give absolute results, but it is a good clinical method within 
certain ranges. 

We divided the group into two sections: one consisting of 55 persons taking 
a total of 30 grains of bromides three times daily, the other consisting of 15 per- 
sons taking 15 grains three times daily. The bromides were taken each day, 
seven days a week for four months, and then stopped. The persons were exam- 
ined at the end of the fifth month to see whether there was any difference in 
their physical condition and how much bromide still remained in the blood. 

Since we could not detect any significant changes in the subjects, we are 
tabulating in Table I only our average findings. 

A glance at Table I shows that there were no changes in the blood gases 
or blood cell counts. The same ean be said for pulse rate and blood pressure. 
The electrocardiograms were negative throughout the study. The reaction time 
to light stimulation did not show any increase. In the case of the students we 
were able to obtain a record of their standing before the test began and at the 
end. These records showed that there was no lessening of their intellectual 
capacity; to the contrary there was a slight improvement. It is hard to make 
such a comparison, for the courses vary in different terms and one term’s work 
may be easier than another. 
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TABLE I 


AVERAGE FINDINGS 








Group Taking 30 Grains of Sodium Bromide Daily 


Pulse Blood Pressure 
Beginning 76 132/81 
2nd month 72 131/77 
4th month 72 135/77 


Group Taking 45 Grains of Sodiwm Bromide Daily 


Pulse Blood Pressure 
Beginning 80 124/77 
2nd month 79 Lae 
4th month 85 119/77 
Group Taking 30 Grains of Sodiwm Bromide Daily 
Bromides 
Urine Blood 
O CO, Van Slyke Chlo- 
Cap. Cap. Hb. W.B.C. R.B.C Mg./ Mg./ rides 
100 e.e. 100 c.c. 
Beginning 19.33 62.7 14.49 7,892 4,810,000 Traces Traces" -..---- 
2nd month 19.25 63.0 14.44 7,355 4,960,000 29.11 22.44 446.67 
4th month 19.29 63.0 14.48 7,831 4,973,000 13.67 16.55 443.51 
5th month Traces 442.21 


Group Taking 45 Grains of Sodium Bromide Daily 


_ Bromides 
O, 0; Van Slyke weo RBC. Mey Mey Chlo- 
Cap. Cap. Hb. 100 ec. 100 c.c. rides 
Beginning 20.0 63.0 14.9 8,437 4,743,000 Traces 467.21 
2nd month 20.1 63.8 15.0 8,477 4,708,000 10.99 39.09 440.04 


4th month 19.9 63.4 14.8 9,146 4,695,000 10.18 50.09 434.50 
5th month : 1.88 








Twenty-five of the group taking 30 grains daily over the four-month 
period were given a very careful examination by three well-known neurolo- 
gists immediately after the medication had ceased. They pronounced the 
group to be normal in every way and expressed the opinion that they could 
serve as a control group in any study we would want to make. 

No reports of drowsiness were received from the groups, and in only two 
persons was a rash observed. In one of these the rash was furunculosis, and 
in the other, a young lady, it was acne; it was rather hard to say whether this 
was due to the bromide or to the warm weather since the examination took 
place in August. 

Our most interesting observation was the wide variation in the amount of 
bromides found to be present in the blood of various individuals. In some in- 
dividuals this was approximately normal and in others it was much higher. The 
highest quantity found in our subjects was 89.6 mg. per 100 ¢.c. of blood at the 
end of four months. The average in the group taking 30 grains daily was 16.55 
mg. In the group whose daily dosage was 45 grains, it was 50.09 mg. The same 
individual variations were noted in our animal experiments which are being 
reported in another paper. In the case of the smaller dose it would appear that 
the organism soon learns to handle the bromide and the blood level settles down 
to a more or less constant quantity. The individual differences may be accounted 
for by the variations in the amounts of sodium chloride taken by the individuals. 
It has been estimated in heat studies that the daily ingestion of salt varies from 
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TABLE II 


Group TAKING 30 GRAINS OF SODIUM BROMIDE DAILY 








SAMPLE TAKEN NEXT MORNING 
NUMBER OF TIME MEDICATION BETWEEN 9:00 A.M. AND NOON 


SUBJECT TAKEN BLOOD BROMIDES URINE BROMIDES 
(mG./100 c.c.) (MG./100 C.C.) 


11 9:15 A.M. 34.6 46.0 
f :30 A.M. 57.1 62.0 
17 :00 A.M. Traces 3.0 
23 215 A.M. 56.0 60.0 
29 :00 A.M. 44.2 58.0 
35 9:00 P.M. Traces 9.5 
41 :00 A.M. 21.0 43.9 
47 9:00 A.M. 19.6 53.8 
53 :30 A.M. 15.9 31.4 
59 2:15 A.M. 28.0 53.5 
65 :30 A.M. 6.7 19.0 
67 :30 P.M. 49.8 60.0 
2:45 A.M. 22.4 48.8 
:30 A.M. 3.92 47.1 
215 A.M. 31.9 35.1 
:00 P.M. 47.4 65.5 




















TABLE III 








SAMPLE OF BROMIDES SAMPLES OF BROMIDES 
BLOOD TAKEN MG./100 C.c. URINE TAKEN MG./100 ©.c. 


3 Grams of Sodium Bromide Taken at 10:20 a.M. 


R. L. 10:37 A.M. Traces 9:10 A.M. 
11237 AM. 0.14 11:30 A.M. 
12:03 P.M. 0.19 :05 P.M. 
12:32 P.M. 0.84 2:35 P.M. 
2:00 P.M. 1.60 :05 P.M. 
237 P.M. 1.60 740 P.M. 
:50 P.M. 1.96 2:55 P.M. 2 

3:30 P.M. 0.19 3333 P.M. Traces 

:37 P.M. Traces :40 P.M. Traces 

Next morning Traces 


SUBJECT 





3 Grams of Sodium Bromide Taken at 10:15 A.M. 


:30 A.M. Traces 9:05 A.M. Traces 
:30 A.M. Traces 11:35 A.M. Traces 
:00 P.M. Traces 12:05 P.M. 8.7 
:30 P.M. Traces 12:35 P.M. 7.9 
:00 P.M. Traces 1:04 P.M. 4.6 
1:30 P.M. 0.28 1:35 P.M. Traces 
:40 P.M. 0.30 2:45 P.M. Traces 
:35 P.M. Traces 3:30 P.M. Traces 
:28 P.M. Traces 4:30 P.M. Traces 
Next morning Traces 





TABLE IV 








Cat 1 Original solution contained 310.50 mg. bromide 
1 hour Recovered at end of 1 hour 215.46 mg. bromide 
Bromide absorbed 95.04 mg. bromide, or 30.6 per cent 


Cat 2 Original solution contained 313.20 mg. bromide 
2 hours Recovered at end of 2 hours 153.80 mg. bromide 
Bromide absorbed 159.30 mg. bromide, or 50.9 per cent 


Cat 3 Original solution contained 315.00 mg. bromide 
1 hour Recovered at end of 1 hour 230.85 mg. bromide 
Bromide absorbed 84.15 mg. bromide, or 26.7 per cent 
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10 to 20 Gm. There may be some explanation for the variation by rate of ab- 
sorption from the gastrointestinal tract. In order to determine whether the time 
at which bromide was taken previous to the drawing of the blood was a factor, 
careful notation was made when the last dose was taken before the blood was 
drawn. The blood was taken, as a rule, between 9:30 a.m. and noon. Table II 
vives the results of this observation. 

To determine how soon bromide could be detected in the blood after it 
was ingested, two of our technicians each took 3 Gm. in one dose. Samples 
of blood were drawn at frequent intervals throughout the day and samples 
of urine were collected at the same time. The results, shown in Table III, 
were somewhat of a surprise to us; they also showed the individual variations. 

Three cats were anesthetized with nembutal. The abdomen of each was 
opened and a segment of the intestine was tied off. A cannula was inserted 
in either end of the segment, and the segment was washed out with a 0.6 per 
cent sodium chloride solution. The saline solution was then removed. The 
lower end of the segment was clamped off and a measured quantity of 0.90 
per cent sodium bromide solution was permitted to flow into its upper end. 
The upper end was then clamped off, and the intestine was placed back in the 
abdominal cavity. It was allowed to remain there for one hour in two eats, 
and for two hours in the third cat. The segments were then washed out and 
analyzed for bromide. The results are indicated in Table IV. 

In discussing our study with physicians, we were told that they 
have noted the same type of variations among their patients. Our obser- 
vations indicate that after the medication has continued for a few weeks, the 
blood bromide tends to drop to a lower level and remain there. It is necessary 
to inerease the quantity of sodium bromide ingested to get a higher blood 
bromide. This has been definitely indicated in our animal work and will be 
reported soon. 

SUMMARY 


1. The ingestion of 30 to 45 grains of sodium bromide daily over a period 
of four months does not result in a high blood bromide. 
2. The blood bromide drops rapidly after the medication stops. 


3. The ingestion of 30 to 45 grains of sodium bromide daily over four 


months does not affect the blood picture. 
4. The ingestion of 30 to 45 grains of sodium bromide daily over a four- 
month period does not affect the nervous reactions. 
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HIPPURIC ACID LIVER FUNCTION TEST: INTRAVENOUS METHOD* 
Ever C. Barte.s, M.D., Boston, Mass. 


UR experience with the oral hippuric acid test for liver function in deter- 

mining the status of the liver in hyperthyroidism has been reported.’' The 
test revealed reduction in the liver function in a high proportion of cases. Of 
the 148 patients studied, only 18 gave a normal response. The degree of change 
in the liver function was in fair proportion to the severity of the hyperthyroidism 
as determined by the basal metabolic rate and the clinical opinion as to the neces- 
sity for one or two operations. The value of the hippuric acid test as a satisfac- 
tory method of determining the function of the liver has been accepted by many 
investigators.?"7 


About a year ago, at the suggestion of Dr. Quick, we began using the intra- 
venous modification of the hippurie acid test. The test consists of the intra- 
venous injection of 1.77 Gm. of sodium benzoate which has been dissolved in 
20 ¢.c. of water. The urine is collected at the end of one hour and the hippuric 
acid content is determined. The normal excretion has been determined to be 1 


(Gm. or 0.7 Gm. of hippurie acid equivalent of benzoic acid. 

A recent report by Quick® gives in detail the procedure as employed in his 
laboratory. The test has much in its favor because of its simplicity. The fact 
that only one hour is required is an improvement, since the oral method requires 
four hours. We have now used the test over 300 times with the patient suffering 
only the slightest reaction or discomfort. At times there has been a slight 
flushing of the face and oceasionally a sense of burning in the arm, but no other 
ill effects have been noted. Many difficulties encountered in the oral test, such 
as nausea and vomiting, and possible lack of absorption of the sodium benzoate 
from the stomach are overcome in utilizing the intravenous route. Patients have 
hesitated to cooperate in running serial tests by the mouth method because of the 
prevalence of nausea. The intravenous test has been carried out daily on the 
same patient without complaints. 


The results of the intravenous tests in 58 patients with hyperthyroidism are 
given in Table I. Taking above 0.7 Gm. of benzoic acid as normal, we find only 
7 patients (12 per cent) having satisfactory liver function. The remaining pa- 
tients had hippurie acid excretions distributed throughout a wide range, to as 
low as 0.1 Gm., which is one-seventh the normal, and indicative of serious liver 
impairment. No correlation was found to exist between the level of the basal 
metabolic rate and the degree of disturbance of the liver function, as was found 
in our previous study utilizing the oral test. The duration of the hyperthyroid- 
ism and the weight loss were not related to the hippurie acid excretion. 

*From the Department of Internal Medicine, The Lahey Clinic, Boston. 

Received for publication, October 4, 1940. 
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Most significant in judging the clinical opinion of the toxicity of the patient 
with hyperthyroidism is the final conclusion of the medical and surgical staff as 
to the type of operation the patient will most likely tolerate. This opinion 
is reached by a correlation of observations on the patient which cannot be ap- 
praised statistically. It can be seen from the chart that as the liver function 
deereased the number of operations apparently increased. This observation held 
{rue in our previous study with surprising regularity. Therefore, in spite of the 
'ailure of the test to show a close relationship to the basal metabolism, duration 
of disease, and average weight loss, it seems to be grossly indicative of even a 
more important conclusion, and that is the number of operations to which the 
patient should be submitted. In this way the liver function in hyperthyroidism 
plays an informatory role in the general medical survey. As has been shown in 
our previous studies, the level of the liver function was in no way related to the 
postoperative reaction. The basis of the postoperative thyroid storm still re- 
mains unexplained. It probably is not the result of alteration in the liver fune- 
tion as has been suggested by some authors who eall thyroid crisis a liver 
reaction (liver death). 

TABLE I 


LIvER FUNCTION IN HYPERTHYROIDISM: INTRAVENOUS HIPPuRIC ACID TEST 

















' AVERAGE AVERAGE n R 
pee cand NUMBER AVERAGE DURATION WEIGHT . a 
OF CASES B.M.R. OF DISEASE LOSS 
(GM.) (MONTHS ) (POUNDS) ONE TWO THREE 
Over 0.70 7 +42 23 7 4 3 
0.66 to 0.70 7 444 23 28 4 3 
0.61 to 0.65 6 +458 7 30 2 4 
0.51 to 0.60 9 +41 .- 8 21 4 5 
0.41 to 0.50 8 +47 20 14 2 6 
0.31 to 0.40 10 +52 8 21 2 8 
0.21 to 0.30 4 +48 7 16 2 1 1 
0.11 to 0.20 7 +39 12 20 3 4 
Total 58 


























Tiver Function in Other Thyroid Conditions.—Patients with adenomatous 
goiter without hyperthyroidism showed normal hippuric acid excretions. In one 
patient with subacute thyroiditis with slight fever there was a slight reduction 
to 0.65 Gm. One patient with chronic myxedema had still greater reduction with 
an excretion of 0.42 Gm. Qne patient with therapeutic hyperthyroidism, who 
took 6 grains of desiccated thyroid a day in an effort to reduce weight, had an 
excretion which was a little more than one-third normal, 0.27 Gm. This patient 
shows evidences of the depleting effect of hyperthyroidism on the liver and also 
seems to indicate the fact that the test determines functional impairment since 
it is highly probable or almost certain that with the discontinuance of the desie-: 
eated thyroid the liver function in this patient will return to normal. This we 
determined to be true in clinical hyperthyroidism. 

Primary Liver Disease.—In Table II.the sample results of the test in diseases 
primarily affecting the liver are given. In all cases of cirrhosis of the liver a 
reduced function was found, in most instances to a marked degree. The same 
was true in the other cases of liver disease, which were the result of either in- 
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fection, chemical toxicity, or neoplastic infiltration. In catarrhal jaundice 
alone, which we do not recognize as producing intrinsic liver disease, the liver 
function was practically normal. Strangely enough, in three of four cases of 
chronic alcoholism, not recorded in Table II, in which no apparent physical or 
laboratory defects could be ascertained, the liver function (0.65, 0.64, 0.74, 0.67 
Gm.) was only slightly altered in three instances. 


TABLE TI 


LIVER FUNCTION By INTRAVENOUS HIPPURIC ACID TEST 
DISEASES OF THE LIVER 








. Cirrhosis 
Number of cases studied, 11 
Range of hippuric excretion 
0 to 0.40, 8 cases 
0.40 to 0.5, 2 cases 
Hippuric acid 
excretion, Gm. 


B. Cholangeitis, 1 case 0.29 
C. Primary carcinoma of liver, 1 case 0.16 
D. Amoebie abscess of liver, 1 case 0.39 
7. Arsphenamine hepatitis, 1 case 0.11 
F. Catarrhal jaundice, 1 case 0.68 


G. Metastatic infiltration of liver, 2 cases 0.40 to 0.12 





Miscellaneous Diseases—In a group of 5 patients with idiopathic spleno- 
megaly, the test gave normal results varying from 0.68 to 0.88 Gm. In exogenous 
obesity equally normal results were obtained, irrespective of the degree of over- 
weight. In chronic infectious arthritis there was a uniform reduction in the 
hippurie acid output to about 25 per cent. This reduction is apparently the 
result of the effect of the strain of detoxification on the liver. 

One person with severe muscular dystrophy was tested, with a normal result, 
the exeretion being 0.8 Gm. This result is significant as one criticism of the 
hippurie acid test has been the possible assumption that it may be the summation 
of the conjugation of sodium benzoate with glycine in both the liver and muscle. 
If this were true, a reduction in function should have resulted in this ease. 

The depleting effect of anesthesia on the liver is now under investigation. A 
number of investigators have reported the deleterious effect of various anesthetics 
on the liver. In the cases studied so far the hippurie acid excretion dropped 23 
per cent on the day of the operation, with a gradual return toward normal on 
the third postoperative day. 


CONCLUSIONS 


1. The intravenous hippurie acid test of liver function has been used in a 
large group of patients without subjective or objective reactions. The simplicity 
of the test is noted. The results in a group of patients with hyperthyroidism 
compare favorably with the results previously reported in this condition in which 
the sodium benzoate was given by mouth. 

2. In intrinsic liver disease the degree of reduction in the hippurie acid 
excretion is in direct accord with the clinical and autopsy findings as to the liver 
damage. This finding speaks favorably for the test. 

3. The fact that repeated tests can be carried out without ill effects increases 
the value of the test. 
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THE HYPERPHOSPHATASEMIA OF PAGET’S DISEASE* 





H. L. Wiuurams, B.A., M.S., AND E. M. Watson, M.D., Lonpon, CANADA 









HE serum phosphatase activity is characteristically increased in persons 
with Paget’s disease of bone. Different opinions have been expressed with 
regard to the nature of this hyperphosphatasemia. For example, Kay’ relates 
the high values to an excess of phosphatase in the blood due to the diffusion of 
the enzyme from the sites of formation in the bones at rates above the normal. 
On the other hand, Thannhauser and co-workers,” * on the basis of their experi- 
ments, and the observations of Freeman and Chen,‘ conelude that the increased 
serum phosphatase activity found in pathologie conditions, including Paget’s 
disease, is due to the presence of an activator of the enzyme in the blood rather 
than to an actual increase of the amount of the phosphatase. 

An exact study of the question was made possible by the work of O. 
Bodansky * ® on the relation of amino acids to phosphatase activity. He demon- 
strated that under optimal conditions of pH, amino acid, and magnesium ion 
concentrations, a measure of the reaction velocity of the hydrolysis of the sub- 
strate (sodium £-glycerophosphate) by bone phosphatase is proportional to the 
concentration of the enzyme present. It may be assumed, therefore, that the 
measure of the reaction velocity (Q,.,;) can be used to indicate the relative con- 
centration of the phosphatase in the sera of persons with bone disease, espe- 
cially since O. Bodansky’ showed also that the phosphatases of the bones and 
the blood probably are identical. 

On the basis of this hypothesis, the experiments described herein were con- 
ducted on the blood sera of several patients with Paget’s disease in an attempt 
to determine the relationship between the phosphatase activity and the quantity 
of the enzyme. 






























*From the Department of Pathological Chemistry, University of Western Ontario Medical 
School, London, Canada. 
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PROCEDURES 


The methods described by A. Bodansky* for the estimation of the inorganic 
phosphorus and phosphatase activity were used with the application of all the 
suggested correction factors for the deviation from Beer’s law, the presence oi 
trichloracetic acid and glycerophosphorie acid, retardation of hydrolysis, and 
conversion to a standard time of one hour. 

The extraction of the phosphatase was accomplished by treating the sera 
in the following four ways: 

1. The serum was diluted and dialyzed in a collodion membrane for eighteen 
hours against distilled water. The dialysate, usually clouded with precipitated 
protein which dissolved on the addition of a few drops of dilute alkali, was 
diluted to a definite volume, and aliquot portions were used to estimate the reac- 
tion velocity. 

2. The phosphatase and much of the protein were precipitated by the ether- 
aleohol method of Martland and Robison.? The precipitate was filtered off, 
washed with an ether-aleohol-water (3:2:1) mixture, and dispersed in a definite 
volume of water containing a few drops of a dilute alkali solution. Aliquots were 
used as above for the reaction velocity. 

While both the foregoing procedures removed inorganic matter, such as 
magnesium ions, phosphate ions, amino acids, and hydrolyzable organic phos- 
phorus compounds, a large proportion of the serum proteins remained. 

3. Considering the serum as a solution of phosphatase, the latter was frac- 
tionally precipitated by 95 per cent ethyl alcohol, according to the method of 
Albers and Albers.’° 


4. The first precipitation was carried out as in procedure No. 3, but the 
50 per cent alcohol filtrate and washings were treated with either a triple 
volume of 2:1 ether-aleohol mixture or a double volume of 3:1 ether-aleohol 
mixture, and the precipitate was filtered off. Thus better yields of phosphatase 
with a degree of purity equal to that of the other methods were obtained with 
the added advantage that the second filtration was more rapid. This method 
proved to be the most satisfactory. 


Aliquots of the solutions of phosphatase obtained by the procedures out- 
lined were added to hydrolysis mixtures each composed of substrate, buffer, 
magnesium chloride solution, glycine solution, and dilute sodium hydroxide solu- 
tion.’ The hydrolysis mixtures and the enzyme solutions were brought to 25° C. 
before mixing, and the hydrolysis was carried out at 25° C. in a constant tem- 
perature water bath thermostatically controlled. 

Portions of the hydrolysis mixtures were removed at intervals after the 
beginning of the reaction. In experiments where the serum had been treated as 
in the first two methods, the 1 ml. aliquots were added to 7 ml. of 10 per cent 
trichloracetic acid solution. The resulting precipitate was filtered off (What- 
man No. 44), and the phosphorus in 6 ml. of the filtrate was estimated by the 
method of A. Bodansky.’ When the serum was treated as in the third and 
fourth procedures, no appreciable precipitate formed ; hence the 1 ml. aliquots 
were added to 5 ml. of the trichloracetie acid solution and the phosphorus was 
estimated without filtration. 
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The tables devised by A. Bodansky® were converted for the purpose of the 
present calculations by means of the factor 0.006, so that his data thus modi- 






























. fied gave at once the concentration of phosphorus per milliliter of the 
of hydrolysis solution. The results were corrected also for loss on filtration when 
ad necessary. The final results were plotted against the time of the hydrolysis and 
the Qo.o;, aS recommended by O. Bodansky,'? was calculated. This value was 
a then related to the amount of serum used originally. : 
If the phosphatase precipitated from 5 ml. of serum is dissolved in 25 , 
2 ml. of water and 2 ml. of this solution is used in the hydrolysis mixture, then j 
ed Ons M a gives what may be regarded as a measure of the reaction velocity 
a per milliliter of serum. This numerical value is proportional to the concen- 
tration of the phosphatase in the serum. 
T- RESULTS 
ff, The results are expressed as the serum phosphatase activity in Bodansky 
” units and the reaction velocity per milliliter of serum as shown in Fig. 1. The if 
” first three methods of extraction gave similar values and are not differentiated | 
(curve A). The results obtained by the fourth method are represented by curve 4 
. B. From this chart it is evident that as the serum phosphatase activity in a 
. Bodansky units increases, the measure of the reaction velocity, and hence the 
concentration of the phosphatase per milliliter of serum, increases in direct 
a proportion. 
f The high serum phosphatase values found in these patients with Paget’s ii 
disease are associated, therefore, with an increased concentration of the enzyme. 1 
The lower results obtained for the reaction velocities in curve A are attributed 
e to losses of phosphatase in the third method of extraction and to inhibition by 
1 the serum proteins in the first two methods. 
4 Not only did the concentrations of the phosphatase in the sera vary 
directly as the activity in Bodansky units in general, but each individual result 


was well above the normal range for both the activity in Bodansky units and 
the reaction velocity per milliliter of serum. This is exemplified by comparing 
the results depicted in Fig. 1 with those of a group of normal sera shown in " 
Table I. ig 































’ 
' TABLE I 
NORMAL SERA 
SERUM RELATIVE SERUM RELATIVE 
PHOSPHATASE CONCENTRATION PHOSPHATASE CONCENTRATION 1 4 
, ACTIVITY OF ACTIVITY OF ; 
: (BODANSKY UNITS) PHOSPHATASE (BODANSKY UNITS ) PHOSPHATASE 
: 2.23 0.00083 3.36 0.00137 
2.50 0.00105 3.43 0.00124 
2.54 0.00103 3.61 0.00142 
3.03 0.00134 3.67 0.00140 
3.15 0.00138 4.09 0.00146 




















From these observations it may be concluded that the sera of normal 
adults contain less phosphatase than the sera of patients with Paget’s disease 
and that the increased serum phosphatase activity of the latter is not due to the 
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removal of an inhibitor normally present in the blood or to the addition of an 
activator of the enzyme. The elevation of the serum phosphatase activity in 
eases of Paget’s disease appears to be due rather to an actual excess of the 
enzyme in the blood stream. 

The data in Table I seem to be sufficiently consistent to indicate that the 
variations in the phosphatase activity of normal sera as well as those of Paget’s 
disease are due to variations in the concentration of the enzyme. 

Preliminary observations concerning patients with other diseases, such as 
jaundice and arthritis, also suggest that in those cases in which the serum phos- 
phatase activity is elevated, the elevation is related to an increase of the enzyme 
in the blood. 
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Fig. 1.—Chart showing the direct proportionality between the serum phosphatase activity in 
Bodansky units and the concentration of the enzyme per milliliter of serum. 


COMMENT 


The observations described in this report are at variance with those of 
Thannhauser and associates.” * If the increase of serum phosphatase activity in 
Paget’s disease is due to the presence of an activator of the enzyme in the serum, 
as they suggest, the increased concentrations of phosphatase, as indicated by the 
elevated reaction velocities, which we found, would not occur. In order that the 
increased activity be caused by an activator, the latter would have to be so 
similar in chemical and physical properties to the enzyme molecule itself that 
it would be inseparable from it by the methods used for the purification of 
the enzyme. 

If the increase of serum phosphatase activity is due to the removal of an 
inhibitor of the phosphatase which is normally present in the blood, the eonecen- 
trations of the enzyme in the sera of normal persons and those with Paget’s 
disease, as indicated by the reaction velocities, would present similar values. 
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This is not the ease, for not only are the values generally higher for both the 
serum phosphatase activity and the relative concentration of the phosphatase in ia 
the patients with Paget’s disease, but each individual determination is greater 
than even the highest normal value. 










SUMMARY 






Methods are outlined whereby the concentration of the serum phosphatase 
is expressed in relation to a measure of the reaction velocity of the substrate 
under specific conditions. 

According to the evidence presented, the hyperphosphatasemia of patients 
with Paget’s disease of bone is due to an actual increase of the concentration of 
the phosphatase in the serum as opposed to the view that it is related to the 
presence of an activator of the enzyme in the blood. 
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LABORATORY METHODS 








GENERAL 


THE PREPARATION OF ANTI-M, ANTI-N, ANTI-A, AND ANTI-B 
TESTING FLUIDS* 


I. JEROME SILVERMAN, M.D., New York, N. Y. 


OQ PERFORM the simple blood-grouping test prior to transfusion, one must 

possess, as is well known, high titered anti-A and anti-B sera which are 
obtained ordinarily from particular group B and group A individuals, respec- 
tively. In a large hospital, where many blood-grouping tests are done daily, 
the supply of these two sera must always be adequate; or group A and group 
B individuals, whose sera are known to contain potent agglutinins, must al- 
ways be at hand. However, group specific sera can also be prepared by im- 
munizing rabbits with human blood and such immune anti-sera usually possess 
a high agglutinin titer, as shown by Hooker and Anderson,'! Landsteiner? and 
von Dungern and Hirschfeld.* 

Aside from the above blood group factors A and B, Landsteiner and 
Levine** discovered other agglutinable properties in the human erythrocyte, 
which they called M, N, and P. (In this paper, factor P will not be discussed. ) 
They found that every individual possessed either the factor M, N, or both M 
and N in addition to his blood group. To determine the presence of these ag- 
glutinogens M or N, immune rabbit serum was used since human agglutinins 
for M and N have not been found, aside from three rare exceptions.”* An indi- 
vidual may be in the blood group O or A, or B or AB, and also belong to type 
M,N, or MN. 

To produce these blood-group specific, immune anti-sera, the appropriate 
eroups and types of human blood cells must be injected into rabbits. Various 
methods and techniques® 7-*> have been employed for the production of these 
immune anti-sera. Such sera have a wide practical application; namely, (1) 
checking doubtful reactions encountered in routine blood-grouping tests; (2) 
in medico-legal cases, the grouping of dried blood stains not too badly decom- 
posed ;** *7 (3) exclusion of parentage ;’* 1° (4) anthropologic studies ;?° (5) 
tracing the fate of the transfused red blood cell in patient’s circulation.” 2? 

In this paper, I shall present my experiences with the preparation of anti-M, 
anti-N, anti-A, and anti-B immune rabbit sera, using Wiener’s’ method of im- 
munization. I do not claim that this procedure is superior to others. 


PREPARATION OF ANTI-M AND ANTI-N TESTING FLUIDS 


Anti-M.—In the preparation of anti-M serum, 8 rabbits were immunized 
with blood from an OM individual. OM eells were used to avoid the formation 

*From the Laboratories of Pathology, Bellevue Hospital Out-Patient Department, New 
York City. 
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of anti-A or anti-B agglutinins. Sterile precautions were taken throughout the 
procedures so that the final testing fluids, after ampouling, would be free of any 
bacteria. A total of 25 ¢.c. of OM blood were withdrawn into 5 c.c. of sterile 3.8 
per cent sodium citrate, and this was immediately divided into six equal parts, 
each representing the total daily dose for the 8 rabbits. Before injection the 
blood sample was washed free of all plasma with physiologic saline and then 
suspended in about 20 ¢.c. of saline. Each rabbit was given intravenously 2 c.c. 
of this red blood cell suspension. The sixth daily injection was followed by a 
rest period of seven to ten days; this may be considered the first course. The 
first injection of each subsequent course was given subcutaneously to avoid 
anaphylaxis, but all other injections were given intravenously. No tests were 
made until end of third course, since Wiener’ * found that only rarely were 
eood sera obtained in a shorter time. 
















TABLE I 







PREPARATION OF ANTI-M SERA 
PRELIMINARY TESTS 
































IMMUNE, INACTIVATED 
SERUM DILUTED 20 TIMES KNOWN BLOOD |DILUTIONS OF TESTING FLUID FOR TITRATION AND 
AND AFTER 2ND ABSORP-| CELL SUSPENSION TESTED AGAINST M CELLS 
TION WITH POOLED N 
CELLS M N MN A Ws 1:5 | 1:10 | 1:20 | 1:40 | 1:80 | TITER 
Rabbit M1 +++] — [+++ [444+ [+42 | ++] 42 + - 40 
Rabbit M2 +++] -— [+++ [+++] 44] +4 + - ~ 20 
Rabbit M3 ++ - ++ ++ + BE ~ - 5 
Rabbit M4 H+t+] — [ttt [tte [44% [44+t ] ++ | +2 + 40 
Rabbit M5 +++ - +4+t |] 444+ ++ ++ 4 - - 20 
Rabbit M6 +++] — [ttt [444+ /4+4+4 ] +4] +2 + - 40 
Rabbit M7 +++ | — [ttt [+++ [+42] ++ 1/1 +2 2 - 20 



















































+++ complete agglutination. 
- no agglutination. 









Of the 8 rabbits injected with OM blood 7 remained alive, and from the 
marginal ear veins of these 7 rabbits about 5 e.c. of blood were withdrawn one 
week after the last injection of the third course. In addition to the anti-M 
agglutinins present, these 7 immune sera would also contain species agglutinins 
capable of agglutinating any human blood, and these so-called nonspecific anti- 
bodies must be removed by absorption with the proper human blood cells, in this 
ease ON, AN, and BN bloods.* Accordingly, in the preliminary tests, each of 
the seven sera, after inactivation for one-half hour at 56° C., was diluted twenty 
times with saline, and to each now was added one-half volume of pooled, packed 
washed ON, AN, and BN blood eells, mixing thoroughly to insure as near a 
complete agglutination and absorption as possible. These tubes were left at 
room temperature for one-half hour, centrifuged, and the supernatant fluid 
tested against 2 per cent cell suspensions of OM, ON, and OMN blood. Since 
there was still a definite agglutination with ON cells, one-fourth volume of the 
pooled ON, AN, and BN eells was added to the supernatant fluid, and this second 
absorption removed completely the remainder of the species agglutinins. These 
seven fluids were then titrated against OM cells. Table I presents the reactions 
of the various sera in tests carried out in small test tubes at room temperature 

























*These known standard and controlled bloods are usually from doctors, nurses, or em- 
ployees in the hospital and therefore are always available for absorption and testing purposes. 
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and read one hour after the set-up. The rabbits with a specific anti-M titer of 
20 or more were then bled, their sera were inactivated at 56° C. for one-half 
hour, ampouled, and stored in an icebox. When anti-M testing fluid was needed, 
one of these ampoules was diluted twenty times with saline and absorbed with 
pooled N eells. This anti-M testing fluid was now ready for use. 


Anti-N.—To prevent the formation of interfering agglutinins, anti-A and 
anti-B, ON blood was used for the injections, 8 rabbits being immunized by 
the technique already described. After the third course, 6 rabbits survived and 
their sera were tested, using pooled M eells for the absorptions. The same pro- 
cedure was followed as outlined under ‘‘ Anti-M,’’ except that the sera were 
diluted fifteen times and the absorptions were earried out at 37° C. instead of 
room temperature. Three absorptions were necessary before all the species ag- 


glutinins were removed and the fluids were then titrated. In Table ITI it will be 
seen that the titers of the N agglutinins are lower than the titers of the M ag- 
glutinins (Table I), and only two of the anti-N sera were satisfactory for use. 


TABLE II 
PREPARATION OF ANTI-N SERA 


PRELIMINARY TESTS 








IMMUNE, INACTIVATED 
SERUM DILUTED 15 TIMES KNOWN BLOOD DILUTIONS OF TESTING FLUID FOR TITRATION AND 

AND AFTER 3RD ABSORP- CELL SUSPENSION TESFED AGAINST N CELLS 
TION WITH POOLED M 
CELLS M N MN “ ay 1:4 i ie 


Rabbit N1 +++ Pat rage rt 
Rabbit N2 ++ - ci ‘, 
Rabbit N: E a4. f : if 
Rabbit ++4 -+ 4 ++ 
Rabbit Né Af. i + 4 
Rabbit rie E = 





a) 


1:16 :32 | TITER 


i 16 
- + 
= + 
+ 16 






































| itt dt it + 





PREPARATION OF ANTI-A AND ANTI-B TESTING FLUIDS 


Anti-A.—In the preparation of anti-A serum, 10 rabbits were immunized 
with AN blood in a fashion similar to that deseribed under ‘‘ Anti-M.’’ Four 
rabbits survived and from the marginal ear veins of these 4 rabbits about 5 e.e. 
of blood were withdrawn one week after the last injection of the third course. 
As AN blood had been injected, each rabbit could be expected theoretically to 
produce specific agglutinins for N as well as for A. It was thought that should 
the rabbits fail to manufacture a serum rich in anti-A agglutinins perhaps they 
would produce a usable anti-N serum, especially since our anti-N yield from 
the ON immunization was not large. 

Accordingly, in the preliminary tests, each of the four sera, after inactiva- 
tion, was diluted fifteen times with saline and divided into two portions: one 
portion to determine the content of anti-A agglutinins and the other portion the 
content of anti-N. To the first portion of each inactivated and diluted rabbit’s 
serum was added one-half volume of pooled, packed, washed OM, BN, OMN, 
and BMN eells,* mixing thoroughly to insure as near as complete agglutination 
and absorption as possible. These tubes were left at room temperature for one- 


*See footnote (*) page 1339. 
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half hour and centrifuged, and the supernatant fluid was tested against 2 per 
cent cell suspensions of OMN, ON, AMN, and BMN bloods. These tests showed 
that the first absorption in most cases was not complete, so a second absorption 
was performed, this time with one-fourth volume of the packed, pooled, and 
washed cells. 








TABLE III 


PREPARATION OF ANTI-A SERA 








PRELIMINARY TESTS 

















































IMMUNE, INACTIVATED SERUM DILUTED m ; 
15 TIMES AND ABSORBED WITH OM, BN, pieeasnialaddlncininscllncamacinlascasininanmatenecd eee ssi 
OMN, AND BMN CELLS OMN ON AMN BMN 
Rabbit A4 1st absorption = a ++ + 
14 volume Very weak 
2nd_ absorption = = + - anti-A fluid 
4 volume 
Rabbit A5 1st absorption = ar a ase _ 
1% volume Strong anti-A 
2nd absorption = = +++ - fluid 
4 volume 
Rabbit A6 Ist absorption + TS et = 
14 volume Strong anti-A 
2nd absorption = = +++ = fluid 
4 volume 
Rabbit A7 1st absorption - + ++ - 
1% volume Weak anti-A 
2nd absorption - - ++ - fluid 
y% volume 
































As can be seen in Table III, rabbits 4 and 7 produced a very poor anti-A 
serum, but rabbits 5 and 6 formed a strong anti-A serum. To determine the 
potency of the anti-A agglutinins in the sera from rabbits 5 and 6, each diluted 
and absorbed serum was titrated against suspensions of AMN and BMN bloods, 
as outlined in Table IV. 








TABLE IV 


TITRATION OF ANTI-A TESTING FLUID 





































TESTED DILUTIONS OF TESTING FLUID 
TESTING FLUID | Agarnst | 1:1 | 1:10] 1:20] 1:40] 1:80 |1:160|1:32011:640| TITER 
Rabbit 5 AMN $4) $44) 4495 +44) +4 = = - 80 
BMN “ o a pe + i 
Rabbit 6 AMN +++] +44] 444+] +44] 444] +4 | +4 7 F 320 
BMN 2s i a = a ae a ea 




































To determine the content of anti-N agglutinins in the sera of the 4 rabbits, 
the second portion of diluted inactivated serum was used. To each was added 
a one-half volume of pooled, packed, washed OM, AM, and BM red blood cells. 
After standing at 387° C. for one-half hour, the tubes were centrifuged, the 
supernatant fluids were drawn off and tested against AM, BM, ON, and OMN 
cell suspensions. It was noticed that the fluids from the sera of rabbits 4 and 7 
gave strong agglutination reactions with ON and OMN eells, but only a slight 
reaction with AM and BM eells; while the fluids prepared from sera of rabbits 
5 and 6 reacted poorly. A second absorption was carried out on the supernatant 
fluids, 4 and 7, this time using one-fourth volume of packed and pooled M eells. 
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After the second absorption, these two fluids were retested and found to be satis- 
factory for titration against N cells. The titer of the anti-N agglutinins was 
‘found to be approximately 16 (compare with Table IT). 

It will be seen that of the 4 rabbits immunized with AN blood, 2 produced 
potent A antibodies and very little N antibodies, while the other 2 produced 
satisfactory anti-N agglutinins and only weak A antibodies. These 4 animals 
were bled to death, their sera were inactivated, ampouled, and stored in an 
icebox at 4° to 7° C. One cubic centimeter of this serum will yield about 15 c¢.c. 
of testing fluid after proper dilution and absorption. Before any testing fluid 
was ampouled, it was checked against several known control red blood cell sus- 
pensions. For example, anti-A test fluid was tested against OM, BN, AMN, and 
AN eells, and, of course, definite agglutination took place with the last two only, 
namely, AMN and AN. No preservative was added to the ampoules. 

Anti-B.—Ten rabbits were given intravenous injections of BN red blood 
cell suspensions in a fashion similar to that described under ‘‘ Anti-M.’’ 

At the end of the third course 4 rabbits remained alive and their four sera 
were examined in a manner analogous to that described for anti-A sera. One por- 
tion of the diluted anti-B sera was absorbed with pooled OM, OMN, AM, and 
AMN eells, thereby removing the species agglutinins and also any anti-A, anti-M, 
and anti-N agglutinins that might be present. The supernatant fluids, after 
absorption and centrifugation, were tested against known red blood cell suspen- 
sions of OMN, ON, AMN, and BMN blood. All four testing fluids reacted very 
weakly against BMN cells. The sera, therefore, from which these testing fluids 
were prepared were considered unsatisfactory for use. The unsuccessful result 
of this experiment conforms with the observation that it is far more difficult to 
prepare satisfactory anti-B immune sera than anti-A sera.’° © 

As with the anti-A sera, the content of anti-N agglutinins was determined. 
The other portion of the inactivated and diluted anti-B serum was absorbed with 
OM, AM, and BM packed, pooled, and washed red blood eells. After absorption, 
the four fluids were tested against known AM, BM, ON, and OMN eell suspen- 
sions. The agglutination reactions against the N cells were weak and therefore 
the sera were not satisfactory for use. 


DISCUSSION 


In general, to prepare an immune anti-serum the following outline is 
advised : 


. Injection of specific antigen into sufficient number of 
rabbits. 

. Collection of small amount of serum from these animals for 
preliminary testing purposes. 

3. Inactivation and dilution of these sera. 

. Absorption experiments until specific serum reacts with 
only its homologous antigen. 

. Titration. 


Should the titer of anti-A, anti-B, or anti-M agglutinins reach 20 or higher, 
those rabbits are bled, their sera are inactivated and stored in an icebox as 
‘*Stoeck Serum.’’ When, let us say, anti-M testing fluid is needed, one of these 
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ampoules of ‘‘anti-M Stock Serum”’ is diluted, absorbed, tested, and ampouled. 
With anti-N fluid, a titer of 10 or more is considered satisfactory. 

As will be noted, a fairly large amount of blood is necessary both for the 
injections and especially for the absorptions. In a large hospital with its many 
steady employees and with its ‘‘Blood Bank,’’ this seeming difficulty can be 
overcome. 

An interesting observation is that in the present study we were far more 
successful in obtaining satisfactory anti-M sera than anti-N sera, which is con- 
trary to the experience of most of the previous workers. This, as well as the 
variability in the response of the rabbits receiving AN blood (two forming good 
N antibodies but only weak anti-A; and the other two forming strong anti-A 
but practically no anti-N), serves to emphasize the importance of the individ- 
uality of the rabbit in relation to the results of the immunizations. 
















SUMMARY 

1. Of 7 rabbits immunized with OM cells, 6 produced satis- 
factory anti-M serum. 

2. Of 6 rabbits immunized with ON cells, 2 produced satis- 
factory anti-N serum. 

3. Of 4 rabbits immunized with AN cells, 2 produced satis- 
factory anti-A serum and the other 2 produced satisfactory 


anti-N serum. 
4. Of 4 rabbits immunized with BN cells, none produced a 


usable anti-serum. 


















I wish to take this opportunity to thank Dr. A. S. Wiener, Serologist to the Office of the 
Chief Medical Examiner of New York City, for his aid and many suggestions. 
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AN APPARATUS TO RECORD MOVEMENT OF THE EXTREMITIES* 


Ruupotr V. Grimmer, M.D., anp OrTHELLO R. LAnawortuy, M.D. 
BALTIMORE, Mp. 


HERE is a need for some simple method of recording which enables one to 

analyze quantitatively the ability to perform coordinated movements of the 
extremities and to show any abnormalities which may be present. It is only 
by such means that it will be possible to demonstrate the degree of functional 
disability which is present in patients with injury of the nervous system and 
to assay adequately the value of treatment. 

The apparatus described here was devised primarily to study the value of 
drug therapy in patients with the Parkinsonian syndrome. These patients show 
great diminution in the range and speed of voluntary movements, together with 
a rhythmical tremor of the extremities. These may be influenced by certain 
drugs, as has been described repeatedly in the literature. It has, however, been 
impossible hitherto to obtain accurate comparative information concerning the 
relative value of these substances and the dose which gives the most satisfactory 
results. It is also apparent that a method satisfactory for this purpose could be 
adapted to a study of other abnormalities of muscular control, such as those seen 
in patients with athetosis or the cerebellar syndrome. 

Doshay (1938) deseribed a method of determining the ‘‘graphie rigidity 
index’’ in patients with the Parkinsonian syndrome. This is essentially a means 
of caleulating the frequency with which groups of muscles can be contracted or 
relaxed and the rate at which the movements tire. The effect of atropine on 
these factors was studied. The apparatus used was not discussed in detail. The 
principles involved were similar to those which we have developed independently. 


DESCRIPTION OF APPARATUS 

The apparatus shown in Fig. 1 works as a pulley system, recording the 
efforts of a patient to move a weight in a vertical plane by contractions of the 
muscles at the elbow or wrist. During the wrist movement the forearm is held 
fixed against the arm of a chair. <A lever, which is connected to the weight by 
means of a thread passed through a pulley, writes upon a kymograph. Time is 
registered at second intervals. 


*From the Sub-Department of Neurology, the Johns Hopkins University and the Baltimore 
City Hospitals. 
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(GRIM MER-LANGWORTHY : 






While one hand is raising and lowering the weight, the other is at rest hold- 
ing a balloon. This is inflated lightly and connected by means of rubber tubing 
(o a tambour, the arm of which writes on the kymograph. Any tremor in the 
‘ngers of the resting hand is recorded by this method. 


=] 


























































Fig. 1. 





The patient is usually asked to raise and lower the weight a number of times 
as fast as possible, and then more slowly. The latter procedure is omitted if the 
maximum speed is greatly retarded. The result of maximal effort gives a good 
estimate of any rigidity which is present. The slow contraction, in particular, 
may show a superimposed tremor. However, in patients exhibiting the Parkin- 
sonian syndrome the tremor is best portrayed in most eases by the balloon system 
from the resting hand. It is usually exacerbated during the time the patient 
is lifting the weight when his attention is withdrawn from this hand (Fig. 2) 
and when there is some emotional excitation. 










Often the speed of contraction and relaxation in the individual with the 
Parkinsonian syndrome is greater when the weight which is lifted is increased 
from less than one pound to four or five pounds. Perhaps this is because the 
speed of the passive phase of the movement is increased and the interval between 
the active and passive phases is shortened. 

This apparatus is not yet entirely satisfactory to record fast movements be- 
eause of the rebound which is present in the apparatus. Consequently, it is diffi- 
cult to demonstrate slight rigidity. It is hoped that this difficulty may be over- 
come by technical improvements. 
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DESCRIPTION OF RECORDS 


For the purpose of illustration two records made from a patient with the 
Parkinsonian syndrome are shown in Figs. 2 and 3. Fig. 2 illustrates move- 
ments of the wrist, while Fig. 3 illustrates movements of the elbow. The upper 
tracing in both records indicates time in seconds, the middle one tremor in the 
resting hand and the lower one the actual muscle contraction. In the latter the 
upstroke indicates contraction and the downstroke relaxation. 


TIME 


BU Scea LOS \hyagyi a A o———s Aig tm 


N Ni a 
4 wt KONING ‘ s VW \ NAA. me SK 


NO WEIGHT ONE POUND WEIGHT 
WRIST MOVEMENT 


Fig. 2. 
TIME 


TREMOR ' 


TOP SPEED SLOW TOP SPEED 
NO WEIGHT FOUR POUNDS 


FLBOW MOVEMENT 


Fig. 3. 


In Fig. 2 the rhythmical tremor is present in the resting hand throughout 
the period of wrist movement. The tremors also are superimposed upon the 
tracing of muscle contraction, showing graphically the well-known cogwheel 
phenomenon. The amplitude of the wrist contractions tends to decrease as the 
act is repeated; it is less when the weight is increased. 

Fig. 3 illustrates the movements of elbow flexion and extension. The tremor 
is well shown during the period of active flexion when the movement is per- 
formed slowly. The tremor in the resting hand is increased when the patient 
is pulling a weight of four pounds; then it undergoes exaggeration during the 
active flexor movements. 
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SUMMARY 

A method of graphically recording voluntary movements and tremor in 
patients with the Parkinsonian syndrome is described. The apparatus is in- 
expensive and gives reliable records. It has been utilized to test the effect of 
drugs upon the rigidity and tremor which these patients exhibit. 
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A SIMPLE, CLEAN, CEDAR OIL BOTTLE* 






S. StanLEy ScHNEIERSON, M.D., New York, N. Y. 





EDAR oil bottles, as a rule fitted with glass, wooden, or metal applicators 
that dip into a pool of oil, are not satisfactory because it is difficult to con- 
trol the amount of oil desired and the direction of the oil on the slide. As a 
result, the bottle, the hands, the microscope, and its stage may become smeared 
with cedar oil. 















The bottle described herein offsets these difficulties. It is very simple to 
make. We have found it to be clean and very convenient. 

An ordinary stain dropper bottle is used. The tip is drawn out to a fine 
point in the pilot light of a Bunsen burner. The end is cut off, leaving a very 
small opening at the end of the dropper. It is important to have the opening 
exactly of the right caliber. If it is too large, the oil will drop by gravity and 
drip into the bottle. If it is too small, too much pressure will be required to get 
the proper flow. 

The hollow inner part of the dropper is filled with oil by means of a Pasteur 
pipette, and the rubber teat is applied. The bottle is now ready for use. 

When needed, the oil is merely dropped on any part of the slide just like 
a stain, and the amount to be applied is regulated by the degree of pressure on 
the rubber teat. 

The dropper is refilled whenever necessary. 

Since the dropper and sides of the bottle are ground and fitted, there is no 
evaporation and hardening of the oil. 


























*From the Laboratories of the Mount Sinai Hospital, New York. 
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HEMATOCRIT TUBE FILLING PIPETTE* 
ARTHUR C, StirLING, M.D., Rocuester, N. Y. 


HE instruments and methods used in filling and in cleaning the fine bore 

hematocrit tubes of the Wintrobe type, now employed extensively for de- 
termining the blood sedimentation rate and erythrocyte volume in patients with 
arthritis, tuberculosis, or other infections, have been open to criticism on several 
points. We have described a new and simple device for the rapid cleaning and 
drying of such tubes.’ Here we shall offer a solution to the vexing situation of 
constant breakage of the slender glass pipettes now employed to fill this type of 
hematocrit tube. This breakage is costly in time, and often in material, to the 
clinics where many such blood studies are made. 

















U 


Fig. 1.—Hematocrit tube filling pipette. Refer to text for explanation of lettering. 


The filling pipette here described (Fig. 1) is relatively nonbreakable under 
more than average usage. The slender stem (A), which extends to the full depth 
of the tube to eliminate bubble formation, is made from a stainless lumbar pune- 
ture needle by the removal of the beveled pointed tip. The thick ground glass 
shank of the glass bulb (B) is fashioned to fit snugly into the adapter of the 
needle, thus making a leak-proof yet easily detachable joint, such as is used 
with the common syringe. The bulb is made of glass to permit visualization of 
its contents, and holds about 2 em. of blood. A rubber bulb (C) is added to this 
to facilitate the exchange of the oxalated blood via the filling pipette. 

This device is quickly cleaned by simply detaching the parts and attaching 
them to the suction tubing used for cleaning the ordinary blood pipettes and the 
hematocrit tube itself. 

REFERENCE 
1. Stirling, A. C.: Hematocrit Tube Cleaner, J. Las. & CLIN. MED. 26: 393, 1940. 


This filling pipette is available either separately or in combination with the Wintrobe 
hematocrit tube and cleaner through the Will Corporation, Rochester, N. Y 
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THE DIAGNOSTIC VALUE OF THE COLLOIDAL CARBON 
FLOCCULATION TEST IN SPINAL FLUID* : 






Pau B. Szanto, M.D., SAaMuEL Burack, M.D., AND Oscar KReEISsLER, M.D. 
KANKAKEE, ILL. 










[TN A PREVIOUS paper’ we investigated the diagnostic value of the Takata-Ara 

reaction of the cerebrospinal fluid in neurosyphilis. The purpose of this 
paper is to prove the value of the colloidal carbon flocculation test in spinal 
fluid in cases of neurosyphilis and to compare the results with the Lange test 
and the Takata-Ara reaction. 

Benedek and von Thurz6? introduced the so-called Kolloid-Schutz Index 
test for the differential diagnosis of diseases of the central nervous system. 
Other workers*® were unable to confirm their results. 

Looney,* and later Looney and Stratton,®> prepared a stable colloidal sus- 
pension of carbon by electrolysis between two carbon electrodes. Their method, 
interpretation, and results were very similar to the Lange test. They stressed 
the fact that the test is at least as sensitive as the Lange test and that the sus- 
pension is more stable. 

Schube and Harms® modified and simplified Looney’s method. These work- 
ers, and later Deadman, Elliott; and Smith’ showed that in cases of positive 
Wassermann reaction in spinal fluid the colloidal carbon flocculation test in 
about 90 to 95 per cent of the cases was also positive. Various workers confirmed 
these results, especially Selesnick,* who examined 478 cases. Of these, there 
were 55 cases of netrosyphilis, and in every ease of a positive spinal Wassermann 
he found a positive colloidal carbon flocculation test. In over 400 cases where 
the spinal fluid was negative for syphilis there were only eight ‘‘false positive’’ 
reactions. In these ‘‘false positive’’ cases he found rapidly growing bacteria in 
the spinal fluid which he stated were the causes for the positive reactions. 


























METHOD 


We used the method of Schube and Harms® with the exception that we 
found that four tubes gave sufficiently accurate results. Into each of four 
Wassermann tubes are placed 1 ¢.e. of distilled water. One cubic centimeter 
of spinal fluid is placed in the first tube which is well agitated, and 1 ¢.c. of the 
mixture is transferred to the second tube, ete. One cubie centimeter of fluid 
is discarded from the fourth tube. In a fifth tube one cubic centimeter of dis- 
tilled water is used as a control. Into each tube is now placed 0.1 ¢.c. of a 0.1 
per cent oxalic acid solution and then 0.4 e.c. of a 1 per cent colloidal carbon 
suspension. The resulting mixture is well agitated. The colloidal carbon solu- 
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tion we used was prepared as follows. One cubic centimeter of Carter’s Black 
India Ink No. 358 is diluted with distilled water up to 100 ¢.c., and this is the 
reagent used. 
Interpretation.—The flocculation test is considered positive when there is 
complete precipitation and the supernatant fluid is absolutely clear. If these 
conditions occur in-any one of the four tubes, the reaction is considered positive. | 
The results are read after twelve hours. 


* 7 
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MATERIAL AND RESULTS 


We examined 268 patients of whom there were 156 with general paresis. Of 

the 112 nonparetic patients 46 had dementia praecox, 39 had chronic alcoholism, 
14 had cerebral arteriosclerosis, 6 had idiopathic epilepsy, and 7 were mentally 
7 deficient. . 

In every nonsyphilitic case the test was negative. In 141 eases of positive 
spinal Wassermann the colloidal carbon flocculation test was also positive. In 
the other 15 cases of positive Wassermann the colloidal carbon flocculation test 
t was negative, or, in other words, the test was positive in 90.4 per cent of the 
' eases of géneral paresis. 














COMPARISON WITH OTHER TESTS 


























1. Gold sol test. In 44 cases with typical first zone curve (paretic curve) 
the colloidal carbon flocculation test was always positive. In 51 cases with a 
middle zone curve, the colloidal carbon flocculation test was positive in 49 cases. 
In 10 eases with, an end zone curve, the colloidal carbon flocculation test was 
positive in 8 cases. In 47 treated cases with a negative Lange, but positive Was- 
sermann, the colloidal carbon flocculation test was positive in 36 cases. 

2. Takata-Ara test. We compared the results in 134 eases of general paresis. 
In 104 eases where the Takata-Ara test was positive, the colloidal carbon floccula- 
tion test was positive in 102 eases. In 31 eases of negative Takata-Ara reaction 
the colloidal carbon flocculation test was positive in 25 eases. 


COMMENT 





The colloidal carbon flocculation test appears to be more sensitive than the 
, Lange and Takata-Ara tests. It is positive in about 90 per cent of cases where 
the spinal Wassermann is positive. The test continues to be positive in treated 
cases of general paresis, where the Ross-Jones test, cell count and Lange test are 
already normal. Our eases gave no ‘‘false positive’’ results. Because of the 
simplicity of the test, it can be used where ordinary laboratory facilities are not 
available. 
SUMMARY 


The colloidal carbon flocculation test was positive in 90.4 per cent of cases of 
general paresis with a positive spinal Wassermann. 
The test is more sensitive than the gold sol and Takata-Ara tests. 
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AN AUTOMATIC BLOOD PRESSURE RECORDING APPARATUS* 


Harry Weiss, C.E., M.D., Pa.D., NEw York, N. Y. 












HERE is at present no device or principle that permits the continuous, 

simultaneous, and automatic recording of the systolic and diastolic pres- 
sures, the pulse pressure, and the pulse rate. Such a device would open a wide 
field of clinical and experimental investigation. It also has obvious practical 
values. 







This communication describes such a basic principle and gives the de- 
scription of an instrument that will furnish these data. The apparatus is de- 
signed to permit readings at fixed intervals over predetermined periods and 
under varying conditions, such as sleep, rest, and moderate activity. The results, 
furthermore, are entirely comparable with the readings obtained by the ordinary 
auscultatory method. 







The principle is that of a fluctuating base line resembling a sine curve, 
whieh is projected onto a calibrated film or paper by means of a moving 
oscilloscope, galvanometer, or similar device. This fluetuating base line is pro- 
duced by, and corresponds to, the changing pressures in a blood pressure cuff. 
The sensitive element within the oscilloscope (crystal, or a conductor in a mag- 
netic field) or the galvanometer (conducting string) is then independently 
activated by sounds picked up microphoniecally at the antecubital space. This 
results in a deflection from the base line by each sound produced. These sounds 
are produced with each pulse beat in the pressure range between systole and 
diastole, and the points at which they appear or disappear represent the systolic 
and diastolic pressures. The pressure range between these two records the 
pulse pressure. The pulse rate is obtained by imposing a timer element on the 
record. 

The apparatus is shown in Figs. 1 to 4. Fig. 5 is a representation of the 
graph obtained. The apparatus consists of a flat metal base plate (1) to which 
is rigidly attached an inverted U-shaped holder (2). The points of attachment 
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are at (3) and (4). At the midpoint of the horizontal member or roof of this 
inverted U-shaped holder, there is a small socket (8). On the lower surface 
‘of this socket there is a smooth depression (9) to receive a pivot. Opposite 
this socket and rigidly attached to the base plate midway between the two legs 
of the inverted U there is another socket (10) which also contains a similar 
smooth depression (17) and into which another pivot fits. 





















































/= 


Fig. 1. 


An oscillometer, otherwise known as an oscilloscope, is suspended between 
these two pivotal points so that it can rotate freely both clockwise and counter- 
clockwise. There are two pivots fixed to the oscillometer, one at its lower end 
(13) and the other at its upper end (14). These fit into the corresponding 
sockets (9 and 77). 


The oscillosecope* shown in the drawings consists of a hermetically sealed 
chamber (15) in which there is a erystal bimorph element (16) fixed to its 
‘asing at the lower end, the upper end being free. To this free end a small 
mirror (17) is attached by means of a filament (78). This end is thus free to 
vibrate torsionally and independently, and with it the attached mirror. There 
are two contacts (19 a and b) leading from the bimorph element within the 
oscilloscope to which conducting wires are attached so that a current may be 
induced to flow through the element, causing it and the attached mirror to 
vibrate as described. The unit is filled with oil whieh serves as a damping 
agent and also protects the erystal against physical shocks. A window (20) in 
the head of the oscilloscope, sealed by a plano-convex lens affords access to the 
mirror and enables the light from the mirror to be brought to a focus without 
any additional optical parts. 

A beam of light reflected from the mirror through the window moves with 
the movement of the mirror and is recorded on a recording camera. The source 
of light can be independent of the apparatus shown, or it may be fixed as 


*The oscilloscope described is a modification of the Brush Piezo-Electric Oscilloscope Unit. 
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desired, either to the base plate, to the inverted U member, to the oscilloscope 
or to the upper pivot of the oscilloscope extended through the.top of the in- 
verted U. Its position depends on the desired placement of the camera which 
is controlled by factors of convenience and compactness. 


The oscilloscope described in this communication and on the drawings is 
a erystal bimorph unit, but any other oscillometer, such as those commonly 
used in electrical practice which employ a conductor in a magnetic field, can 
serve the same purpose. 


The current activating the oscilloscope element and mirror to move within 
its case comes from a microphone (21) which is appropriately electrified and 
is designed to be applied to the antecubital space of the arm below a blood 
pressure cuff. The current from this microphone, induced by the sound pro- 
duced at the antecubital space, then passes through an appropriate apparatus 
(induction coil, resistance, etc.) to the binding posts of the oscilloscope, and 
as a sound is produced at the microphone the mirror within the oscilloscope 
twists and the beam of light reflected into the camera from the mirror records 
this movement. 

Rigidly attached to the oscilloscope at (25) is a section of a gear (26). 
This gear meshes with a second gear (27), which is rigidly attached to the 
pivotal shaft (28) of an anaeroid (30) at point (29). The anaeroid is fixed 
through a saddle (31) to the base plate. The air entrance and outlet of the 
anaeroid is at (33), and to this is attached a tube (34) leading through a T 
to an air pump (36) or metal bellows. These can be adjusted for desired pres- 
sure ranges. 


The other leg of the T (35) is attached through a tube (39) to a three-way 
valve (40). Through this three-way valve two other connections are made, one 
through a tube (41) to a hand bulb such as is used in the ordinary blood pres- 
sure apparatus and which incorporates a by-pass to the outside air, the other 
through a tube (42) to a blood pressure cuff which encircles the arm just above 
the point of application or attachment of the microphone at the antecubital 
space. The hand bulb is used for purposes of adjustment. During the auto- 
matic operation of the instrument, it is closed off at the three-way valve (40) 
and the arm cuff is open to the pump. 


OPERATION 


The apparatus operates as follows: The motor, geared down to a slow 
speed, operates the eccentric to which the piston shaft (38) is attached. This 
causes a slow reciprocating action of the piston head (37) in the pump eylinder 
(36) and results in the reciprocal movement of air into and out of the anaeroid 
(30) and the arm cuff. With this rising and falling of the air pressure there is 
a corresponding clockwise and counter-clockwise movement of the pivotal shaft 
(29) of the anaeroid (30). As this takes place the gear (27), rigidly attached 
to this pivotal shaft, moves likewise. The gear (27) meshes with the oscilloscope 
gear segment (26), causing it to rotate backward and forward. This gear seg- 
ment (26), being rigidly attached to the oscilloscope, causes that unit to rotate 
both counterclockwise and clockwise. 
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A beam of light is reflected from the oscilloscope mirror (17) onto the 
noving sensitized film or paper of the camera, and a line is obtained resembling 
a sine curve which is smooth and represents the base line upon which the blood 
pressure readings are to be recorded. This base line is calibrated to run be- 
tween any desired blood pressure levels by means of the displacement permitted 
the pump eylinder head within the pump easing. The upper limit of its ex- 
cursion is adjusted and fixed through the motor-driven eccentric, the lower 
limit through the hand bulb. It is, of course, preferable that this lower limit 
be at a pressure of zero millimeters of mercury for the convenience and comfort 
of the patient. 


PRESSURE IM PULLIPIETERS OF MERCURY 


INTERVALS EQUAL OVE SECOND 


Fig. 5. 


This smooth basic curve is shown in Fig. 5a. If it is desired to take read- 
ings at a higher blood pressure lével and over a larger range, the eccentricity 
of the driving motor is increased and the basic curve will be as shown in Fig. 5b. 

As the apparatus is being alternately inflated and deflated by the pump 
and the basic line is being drawn, the pressure in the arm cuff rises and falls 
in corresponding fashion. As the pressure rises from zero to the diastolic pres- 
sure, no sound is produced in the antecubital space up to the point of diastole 
where the sound appears because the artery is now being compressed. This 
sound is detected by the microphone (21) fixed over the artery in this space. 
As the pressure continues to rise, these sounds persist with each heart beat until 
the pressure rises to the point of systole when the sounds disappear because the 
artery is now completely occluded. As the pressure falls the same events take 
place, except that the sequence is now reversed. 

The sounds produced in the antecubital space and picked up by the micro- 
phone (27) give rise to electrical impulses which are transmitted to the crystal 
(16) (or field loop) of the oscilloscope (12), causing it to distort or twist and 
simultaneously to twist the attached mirror (17) through the suspension (78). 
This distortion or twist causes a deviation from the smooth base line described 
and produces irregularities in this line which represent at their beginning and 
ending the points of systole and diastole. Such a curve is represented in 
Fig. 5c. 

Pulse rates are obtained by means of a timer recording on the film. 





6. Ee Ae re Pym 


1356 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


The apparatus is automatically controlled by means of a clock mechanism 
to take records at various predetermined intervals and over any desired periods. 
The automatic control of the instrument, which is not new and therefore noi 
shown, consists of a timing device which regulates the stopping and starting at 
fixed points and permits the instrument to run for fixed periods. It simultane- 
ously switches on and off the pump motor, the camera motor, the source of light, 
the camera shutter, the timer, and the microphone. The ‘‘make and break’’ is 
planned to take place at the lowest pressure phase so that there may be no 
pressure on the arm during the intervals when readings are not being made. 


SUMMARY 


A blood pressure recording device is deseribed which functions auto- 
matically and which ean record both systolic and diastolic pressure readings. 
These readings can be taken in the absence of a physician or operator, per- 
mitting blood pressure recording during sleep, rest, and various phases of ac- 
tivity. The records obtained are entirely comparable with the readings ob- 
tained by the ordinary auscultatory method. The instrument also records the 
pulse pressure and the pulse rate. 

The instrument functions as a complete unit for the purpose described. 
It is intended to employ it further as part of a cardiodynamometer to measure 
relative cardiac efficiency. 

Addenduwm.—During the development of this instrument other devices were designed 
which employ the same basic principle, that of a sound-sensitive element moving in synchrony 
with an induced pressure. One such design utilizes a galvanometric string oscillating in a 
split magnetic field. Another employs a fixed galvanometer string and an oscillating camera. 
A third employs a mirror that moves torsionally with pressure change and reflects the 
shadow of a fixed galvanometer string into a fixed camera. 





A MANUALLY OPERATED ERGOMETER* 


GEORGE R. MENEELY, M.D., AND NoLAN L. KALTREIDER, M.D. 
RocuHester, N. Y. 


OR a number of years it has been our custom to use a bicyele ergometer of 
special design in certain experiments in which the respiratory exchange was 
measured during muscular exercise. With certain patients difficulties were 
eneountered, which led to the use of an ergometer which could be operated by 
hand while the patient was comfortably seated in a chair. In this ergometer, the 
work was measured by recording the output of an electrical generator. The 
principle has been employed by Kelso and Hellebrandt.* 

The construction of the ergometer is evident from Fig. 1. The sprocket 
tooth ratios were selected to drive the motor at approximately its rated speed 
with convenient cranking rates. The electrical circuit is diagrammed in Fig. 2. 
The motor generator acts as a brake, and the patient overcomes the resistances, 
both mechanical and electrical, and produces electrical power which is dis- 
sipated by the load resistances as heat. An easily readable voltmeter is placed 
before the patient, who maintains his output constant by watching it. 

The method of calibration is a familiar one in electrical engineering 
practice : 


1. Output of the subject = input to the ergometer. 


2. Input to the ergometer = armature generated power plus power losses. 
3. P = Pa + Ps (1) 
where P = output of subject in watts 
Pa = armature generated power 
Ps = power losses 
Ia x Eg (2) 
where Ia = armature current 
Eg = generated voltage 


(3) 
where Et = terminal voltage 
Rl = resistance of load resistance 
= Et + Bd + (Ia x Ra) (4) 
where Bd brush drop 
Ra = resistance of armature 
_ __ Ete Et x Bd Et2 Ra (5) 
on a a 
by substituting (3) and (4) im (2). 
. The ergometer was cranked by hand with selected field currents at arbitrarily chosen 
terminal voltages, and values for Pa at these values for Et were calculated from (5). 





*From the Department of Medicine, University of Rochester, School of Medicine and Den- 
tistry, and the Medical Clinics of the Strong Memorial and Rochester Municipal Hospitals, 
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Fig. 1.—Construction of ergometer. The generator is a eth horse power D.C. shunt wound 
motor. 
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Fig. 2.—Electrical circuit. The field of the motor generator (M) is separately exited. 
The potentiometer (P) adjusts the field current to any desired value measured by the milliam- 
meter (MA). The armature generated power is dissipated by the load resistances (Zi and Iz) 
as heat. The voltmeters (V) are one for the patient and one for the observer. Power may be 
supplied to the armature for calibration purposes by the switch (S:2) and controlled by the re- 
sistance (R). The ammeter (A) and the ammeter reversing switch (Si) are for the purposes of 
calibration also and may be thrown in and out of the circuit by a switch (S:). A main power 
switch (Ss) is provided. 
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9, Power losses are of two sorts: ‘‘copper losses’? and ‘‘stray power losses.’? When the 
ergometer was run motor action, the electrical input overcame these losses: 
(Ea x Ia) = Pe + Ps (6) 
where Ea = input voltage (effective armature voltage) 
Ia = input amperage (armature current) 
Ea x Ia = input power 
Pe = copper losses 
Ps = stray power losses 
10. Hence Ea x Ia = Ps + Ia? Ra + BdlIa (7) 
where Ia2Ra = armature copper loss 
BdIa = brush drop loss 
. Now Ea = Et - Bd (8) 
2. Hence Ps = (Et - Bd) Ia - Ia?Ra - BdlIa (9) 
from (7) and (8) 
where Pe = Ia2Raq + Bdla 
. The ergometer was run motor action and stray power losses for various r.p.m, were cal- 
culated from observed load terminal voltages (El) and armature current for several 
empirically chosen values of field current by (9). 
. The ergometer was operated with only a voltmeter in the armature circuit and no load 
terminal voltages for the r.p.m. used above were observed at the same field currents used 
in 13. 
. The voltage at the terminals at load is related to no load terminal voltages by the 
following: 
El = Enl - Bd - Ia Ra (10) 
where El = load terminal voltages 
‘nl = no load terminal voltages 
}. Substituting (3) in (10) 
0 te (11) 
1 + Ra/Rl 
. For any value of El a value of Enl can be found and hence an r.p.m, for given field 
currents (steps 16 and 14). 
. By adding a value for armature generated power (from step 7) to the stray power loss 
corresponding to that terminal voltage (from 17), a total power is found which repre- 
sents the input of the patient to the ergometer (1). 


The power in watts was converted to kilogram meters per minute; from this 
a graph was prepared showing kilogram meters per minute versus load terminal 
voltage for the field currents and load resistances used (Fig. 3). The higher the 
field current, the lower the cranking rate is for the same amount of work. In use, 
the cranking rate and desired working rate are translated into load terminal 
voltage and field current. The operator brings the ergometer to speed and 
indicates to the patient the desired voltage on the voltmeter before him. He is 
instructed to take over the cranking at a given command. An observer records 
the terminal voltage every thirty seconds during the exercise period, and main- 
tains the field current constant manually when necessary. At the end of the 
exercise period the patient releases the cranks and allows them to spin freely. 

Table I shows four experiments comparing a normal person and a patient 
with cardiac disease on the hand and bicycle ergometers. Strict comparison is 
not possible because the amount of work is different, but two facts are apparent: 
The mechanical efficiency is greater with the bicycle ergometer, and exercise 
with the arms appears to augment the ventilation more than exercise with the 
legs. 
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TABLE I 


COMPARISON OF TWO PATIENTS ON THE HAND AND ON THE BICYCLE ERGOMETER 

































SUBJECT N.K. (NORMAL) H.K. (CARDIAC) 
Ergometer Hand Bicycle Hand Bicycle 
Time, minutes 3 3 3 5 
Work, kilogram meters/minute 250 432 260 315 
bs Work, calories 1.758 3.036 1.827 3.695 
a Excess heat production, calories 10.454 16.907 14.974 24.776 
4 Net efficiency per cent 16,82 17.96 12.20 14.91 
\ Ventilation/minute exercise 17.04 19.13 26.1 26.0 
Total oxygen debt 0.520 1.127 1.688 2.356 













DISCUSSION 

No method of calibrating a motor is free from criticism. The method re- 
viewed here is standard engineering practice and is fully discussed in text- 
¥e books on this subject. The generator used in the apparatus of Kelso and Helle- 
brandt was an automobile starting motor. It had advantages over the one 
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CALIBRATION CURVE - HAND ERGOMETER 


LOAD TERMINAL VOLTAGE 


STRAY POWER LOSS PLUS ARMATURE 
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Fig. 3.—Calibration curve. At a selected value of work, any one of a number of values 
may be chosen, depending on the cranking rate suitable for the patient. The lower the field cur- 
rent, the greater the cranking rate for the same amount of work. 











used in this ergometer. A family of curves was obtained in the calibration 
rather than a single curve for all values of field current as was the case with 
their machine. The advantage of the single curve is that the field current may 
be varied to change the cranking rate, yet the working rate will not vary as 
long as the terminal voltage is held at the same value. 

It is advantageous to incorporate the motor power circuit permanently in 
the apparatus, as this makes it possible to check the calibration at any time in 
a few minutes. 
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SUMMARY 


Certain objections to the use of the bicycle were overcome by construction 
of a manually operated ergometer. The motor-generator braking principle 
was used. The method of calibrating this apparatus is briefly reviewed. Com- 
parison with the bicycle ergometer showed that the mechanical efficiency of 
the arms is less than that of the legs, and that exercise with the arms augments 
ventilation more than exercise with the legs. 
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A TECHNIQUE FOR THE ARTIFICIAL INSEMINATION OF THE 
WHITE RAT* 


RiIcHARD J. BLANDAU, PH.D., AND Epwin S. Jorpan, A.B. 
PROVIDENCE, R. I. 


RTIFICIAL insemination of laboratory mammals is of increasing importance 

in studies of the physiology of ova and spermatozoa. In the rabbit," ? 

guinea pig,® and dog,* ® artificial insemination may be successfully carried out 

by merely depositing a sperm suspension in the vagina. In the rat, on the 

other hand, numerous attempts to impregnate females in heat by depositing 
sperm suspensions in the vagina alone resulted in complete failures. 

Yochem® artificially inseminated rats by operating and injecting sperm 
suspensions directly through the uterine walls. Fragmentary reports relating 
to the artificial insemination of female rats and mice’ may be found in the 
literature, no one of them completely satisfactory in the life of recent de- 
velopments. 

The technique here described has been used successfully in the artificial in- 
semination of over 500 female rats during a study of the fertilizing capacity 
of old ova. 

As a basis for the proper time for insemination we have depended upon the 
behavioral responses or sexual receptivity as elicited in the female rat during 
heat. 
When the region of the iliac crest of a female rat in heat is manually 
stroked, she assumes the characteristic posture of lordosis. This posture is 
characterized by an extension of the limbs, arching of the back and a raising 
of the pudendal area and tail. The onset of heat can be accurately determined 
by this response. The relationship between the onset of heat and ovulation is 
sufficiently definite that the latter may be said to occur approximately ten 
hours after the beginning of heat.8-1" 


*From the Arnold Biological Laboratory, Brown University, Providence. 


This investigation was supported by a grant from the Committee for Research in Prob- 
lems of Sex, National Research Council. 
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Since the animals which were to be inseminated were not allowed to 
copulate, the cervix uteri of each animal was stimulated during heat by a strong 
faradic current, according to the technique of Greep and Hisaw,'” and Astwood."* 

When a female rat is to be inseminated, a normal adult male is killed by 
grasping it by the tail and striking its entire body sharply against a solid ob- 
ject. Any other method for killing usually results in struggling, urination, and 
ejaculation, with the resultant loss of sperm. This loss can be entirely avoided 
after a few trials in the proper method for killing the male. 

The male is immediately opened by a ventral incision. The bladder is re- 
tracted posteriorly by a Kelly clamp, and the cauda epididymides and vasa 
deferentia are removed with a fine pair of scissors. Fat tissue adhering to the 
cauda epididymides is dissected away. 


Contrary to the usual method of macerating the epididymides and vasa def- 
erentia in Locke’s solution, and subsequently drawing off the sperm suspension 
from the debris, a technique has been devised by which a pure sperm suspension 
is obtained. This is of importance since the suspension must be drawn into a 
relatively fine hypodermic needle for insemination. It also eliminates the pos- 
sibility of contamination by the presence of gross amounts of cellular debris. 


The cauda epididymis is held between the fingers, and the cut end of the vas 
deferens is put into a small dish which is to receive the sperm. Using a medium 
point forceps, the epididymis is now massaged with increasing pressure toward 
the vas deferens. ‘ If this is done properly, ribbons of spermatozoa will be seen 
to exude from the distal end of the vas deferens. When sufficient spermatozoa 
have been removed from the epididymis, the massaging is continued along the 
vas deferens so as to force the remaining spermatozoa from it. Both epididy- 
mides are treated in a similar manner, the result being a viscid mass of densely 
packed spermatozoa. To this sperm mass is added 0.2 ¢.c. of Locke’s solution, 
which has been kept at 12° C. in a refrigerator. The suspension is then drawn 
into a tuberculin syringe to which has been attached a No. 21 hypodermic needle. 
The point of the needle has been ground down so as to present a blunt, smooth 
surface which will not injure the cervical canals. Care should be taken to have 
a thick, viscid suspension of spermatozoa for each insemination. 

Just prior to insemination the female is lightly anesthetized with ether. 
During insemination the anesthetized animal is held by the base of the tail, 
with its back resting on the edge of an ordinary laboratory ring stand. An ear 
speculum of 5 mm. diameter at its smallest bore is placed deep into the vagina. 
By the use of a physician’s reflecting mirror, the cervix may be illuminated and 
observed directly. The hypodermic needle is inserted into each cervical canal, 
and one-half of the sperm suspension is injected into each horn. 

In order to be certain that the sperm suspension will remain in the uterine 
horns after insemination and not flow back into the vagina, especially if animals 
are inseminated near or after the end of heat, a plug is made in the following 
manner: <A seminal vesicle with its associated coagulating gland is eut near its 
base and quickly brought to a flat, glass surface. The secretion is expressed from 
the seminal vesicle by stroking the gland with a probe. The secretion of the 
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coagulating gland must be expressed separately from that of the seminal vesicle, 
because if mixing of the two secretions occurs, coagulation immediately takes 
place. After the female has been inseminated, and while she is still under 
anesthesia, a small cotton plug is dipped, first, into the secretion of the seminal 
vesicle, then into the secretion of the coagulating gland. The plug is immedi- 
ately transferred to the vagina through an ear speculum and pressed against the 
cervix. If done properly, the plug will simulate the vaginal plug formed during 
normal copulation and will aid in the retention of the spermatozoa in the 
uterine horns. 


The percentage of impregnations from animals artificially inseminated 
during heat by this technique is as high as in animals which have been allowed 
to copulate normally. By use of this method, inseminations may be made at 
any time of the reproductive cycle when the female would otherwise not 
copulate. 
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A STUDY OF THE BLOOD CELLS OF NORMAL GUINEA PIGS* 


E. S. Kine, M.D., F.A.C.P., anp Maraaret Lucas, A.B., M.T. 
Wake Forest, N. C. 


REPARATORY to an experiment in which we were very much interested, 

it became necessary to know the normal blood cell picture of guinea pigs. 
This information was necessary before we could recognize any abnormal change 
that might occur in the blood during the course of the experiment. We wrote to 
two or three publishing companies for books or references describing the anatomy 
and physiology of these animals, but without any success. We were, of course, 
interested primarily in the cellular constituency of the blood. In the search 
for such information we found one author’ who names with percentages the nor- 
mal cellular elements of the blood of these animals, along with several other 
laboratory animals. Not being content, we set out to make daily blood exam- 
inations of a group of normal guinea pigs in order to establish an average nor- 
mal. Our results are as shown below. 


PROCEDURE 


We obtained? nine normal full-grown guinea pigs (ages unknown). They 
were held under quarantine for several days to rule out the presence of any 
disease and to accustom them to new surroundings. They were kept in clean 
cages in a well-lighted and well-ventilated room, and fed a full-balanced diet. 
A part of the diet consisted Purina complete rabbit chow. This was reinforced 
with lettuce, cabbage, carrots, ete. 

Examination of the blood was made daily for eighteen to twenty-one days. 
Blood was collected from the margin of the ears by making a small skin incision 
which allowed free bleeding. Each examination consisted of a red and white 
blood cell count and a differential. We did not do any hemoglobin determina- 
tions. Counts and smears were done in the usual way. Calculations which 
were used to arrive at an average normal were as follows: An average of the 
eighteen to twenty-one daily examinations for each animal was taken. Then 
from these averages the average for the nine guinea pigs was obtained. 


RESULTS 


Our study revealed that there was a rather wide variation in the total white 
and differential counts in some animals from day to day. However, there were 
not a great many counts that were conspicuously far away from the predominat- 
ing range. The daily count of the red corpuscles, on the other hand, showed 
little variation and stayed within a rather narrow range. As to the individual 
white cells, there was moderate variation from day to day, and in a few in- 
stances a marked variation from the previous day. In these instances of marked 


*From the Department of Bacteriology, School of Medicine, Wake Forest College. 
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variation, the succeeding counts did: not show a return to the previous count, 
but continued to fluctuate. We noted nothing of any unusual size or shape of 
the cells. 

Our conclusions were that the neutrophiles showed a range of from zero to 
76 per cent, with an average of 31.1 per cent; the lymphocytes a range of from 
20 to 97 per cent, with an average of 63.1 per cent; the monocytes ranged from 
zero to 10 per cent, with an average of 1.8 per cent; the eosinophiles ranged from 
zero to 14 per cent, with an average of 3.5 per cent; and the basophiles ranged 
from zero to 2 per cent, with an average of 0.19 per cent. The results of this 
study are summarized in Table I. 













TABLE I* 






































MONO- EOSINO- BASO- 
a) eee CYTES PHILES PHILES 
a R.B.C. W.B.C. — a iiomg (RANGE (RANGE (RANGE 
— (Fae (PER AND AND PER | AND PER 
CENT) CENT) PER CENT) CENT) CENT) 
1 5,228,095 | 20,345 28.6 63.7 0 to 10 | 0 to 13 0 to 2 
2.4 5.0 0.2 
2 5,044,286 | 14,214 31.4 65.5 0 to 8 0 to 4 0 to 2 
1.8 1.0 0.1 
3 5,033,805 | 13,031 32.9 61.2 0 to 3 0toll | 0 to 2 
0.8 4.7 0.2 
4 4,789,762 | 17,267 37.0 59.8 0 to 6 0 to 2 0 to 2 
23 0.5 0.2 
5 4,941,429 | 13,227 18.0 79.6 0 to 6 0 to 3 0 
1.5 0.7 0 
6 5,114,762 23,750 33.7 60.3 0 to 6 0 to 8 0 to 2 
1.6 3.9 0.3 
7 5,257,619 | 17,386 30.9 60.1 0 to 8 0to14 | 0to2 
1.9 6.8 0.2 
8 5,095,733 | 17,294 36.1 57.7 0 to 7 0to12 |] 0to2 
‘ 2.6 3. 0.3 
9 5,079,231 20,672 31.6 60.7 0 to 5 0 to 12 0 to 1 
1.6 6.0 ' 0.04 ns 
Averaget | 5,063,970 17,365 oak 63.1 1.8% 3.9% 0.19% 
































*These figures are averages of the twenty-one daily counts of each animal. 
+The bottom horizontal line of figures is the average count of the nine animals. 









SUMMARY 





1. Blood examinations were made daily of nine healthy guinea pigs for 
from eighteen to twenty-one days. 

2. The animals were fed a full-balanced diet during the period of in- 
vestigation. 

3. Rather wide variation in the white blood cell count was noted from day 
to day. Moderate to marked variation was seen in the different types of white 
blood cells. The red blood cell count remained rather fixed within a narrow 
range. 

4. Normal averages found were: red blood cells 5,063,970, white blood 
eells 17,3865, neutrophiles 31.1 per cent, lymphocytes 63.1 per cent, monocytes 
1.8 per cent, eosinophiles 3.5 per cent, and basophiles 0.19 per cent. 
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CHEMICAL 
PROTHROMBIN ESTIMATION USING RUSSELL VIPER VENOM* 
I. StmpLE MopiFicaTIoN OF QuicK’s MreTHop 


Rosert C, Pace, M.D., New York, N. Y., AND Houuis K. Russeui, M.D. 
WHirteE Puains, N. Y. 


HE determination of the prothrombin coagulation time in clinical practice 

is assuming increasing importance as knowledge of vitamin K deficiencies 
accumulates. The prothrombin estimation tests, in order to be of greatest service 
to the clinician, must be easy to perform, and their interpretation must be simple. 

The tests for determining prothrombin time in general use (Quick, 1938; 
Smith and others, 1939; Kato and Poncher, 1940) employ thromboplastin pre- 
pared from tissue extract. Such extracts vary in potency and readily deteriorate, 
so that it is necessary frequently to check them against extracts of known po- 
tency. These factors lessen the efficiency and accuracy of the test and make it 
more difficult for the smaller clinical pathologic laboratories to use it to the 
fullest advantage. 

In order to simplify the prothrombin estimation test, methods that do not 
employ tissue extracts have been developed, such as the modified Howell’s method 
of prothrombin (Cheney), in which oxalated plasma is added to four tubes 
containing increasing amounts of calcium chloride (0.4 to 2 mg.), the shortest 
time of clot formation being taken as the coagulation time of the plasma. 

A simple modification of Quick’s method has been reported by Fullerton, 
who used Russell viper venom instead of tissue extract. Russell viper venom 
possesses the following advantages: (1) it is constant in potency, (2) it is in 
a clear solution, and (3) it permits more easily the observation of the end point 
of the formation of a fibrin web during the performance of the test than does the 
use of a milky tissue extract. 

The following study was carried out because of these apparent advantages 
and in order to compare the prothrombin coagulation times on the blood of the 


same patients using the two methods. 


METHODS 


Blood of normal individuals, of patients in a general hospital population, 
and of patients attending outpatient clinics was used. 

Four and a half cubic centimeters of venous blood were mixed with 10 mg. 
of potassium oxalate, centrifuged, and the oxalated plasma was obtained. 
rom the Department of Pathology, St. Agnes Hospital, White Plains. 
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Two tests were performed on each sample of plasma: 
(1) Quick’s (1938) method of prothrombin coagulation: 
0.1 ¢.e. of oxalated plasma 
0.1 ¢.c. of thromboplastin solution (rabbit brain) * 
0.1 ¢.c. of calcium chloride solution 
The time as determined with a stop watch from the addition of the caleium 
to the formation of a fibrin web was considered to be the prothrombin coagulation 
time. 
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Fig. 1.—Prothrombin estimation using Russell viper venom and tissue extract.’ 


(2) Modified Quick’s method with Russell viper venom: 

0.2 ¢.e. of oxalated plasma 

0.2 e.c. of Russell viper venom (1:10,000) solutiont 

0.2 ¢.c. of calcium chloride solution (1.11 per cent calcium chloride) 
The time from addition of the calcium chloride to the formation of a fibrin web 
was taken as the prothrombin coagulation time. 













*Three different batches of thromboplastin were used in order to lessen the margin of 
error. 

7“Stypven” brand Russell viper venom for this study was supplied by Burroughs Wellcome 
& Co., New York, in vials of 0.1 mg. and 0.5 mg., with 1 cc. and 5 cc. of diluent, respectively, 
thus making a 1:10,000 solution when diluted. 
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RESULTS OF STUDY 


Using two methods, prothrombin coagulation tests were performed on blood 
‘from 71 individuals. The results in graphic form with the diagnoses are given 
in Figs. 1 and 2. The prothrombin coagulation time, with Quick’s method aver- 
aged 25.0 seconds, while that of the modified test with Russell viper venom aver- 
aged 24.7 seconds. 
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Fig. 2.—Prothrombin estimation using Russell viper venom and tissue extract. 


The greatest variation between the two tests was found in the plasma of an 
essentially normal individual; by Quick’s method the prothrombin time was 5.5 
seconds longer than by the modified test with venom. In only six cases was the 
variation between the two tests more than three seconds. 


Statistical evaluation (using the ‘‘t’’ formula of Fisher and Yates) of the 
results of the two tests gives a value of 1.638, which indicates that the time dif- 
ference between the two tests is not significant. The prothrombin coagulation 
times, as determined by these two methods, differed so slightly that for all prac- 
tical purposes the results obtained may be assumed to be identical. 
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For the purpose of this study it was considered that prothrombin time over 
thirty seconds was abnormal. In cases with a prothrombin time of less than 
30 seconds it was found that when Russell viper venom was used, the average 
time of appearance of the fibrin web was 22.9 seconds. This figure closely checks 
with the average time of 21.7 seconds, as reported by Fullerton. 











DISCUSSION 






A modified Quick’s method, using Russell viper venom instead of tissue 
extract, has been compared with the regularly used Quick’s method for deter- 
mination of prothrombin coagulation time. Comparison of tissue extract and 
Russell viper venom is shown in Table I. 









TABLE I 

















TISSUE EXTRACT RUSSELL VIPER VENOM 








Preparation 


Usually prepared from brain tis- 
sue (rabbit, ete.) by laboratory 
in which it is to be used 


Dried, sterilized, and packed in 
sealed vials 





Standardization 


Must be compared with extracts 
of known potency or by testing 
on plasma of known normal pro- 


Standardized by comparing with 
a sample of known potency on 
fowl and horse plasma* 

















thrombin content. Difficult to 
obtain extracts of constant po- 
tency 


Gradually loses potency 












Deterioration Relatively stable in dry form; in 
solution it is stable for one 
month when kept in refrigerator 


and well-stoppered 

ind point of test;|Makes it difficult to determine be-/Clear solution enables determina- 
formation of fibrin cause milky appearance of tissue} tion of fibrin web to be seen 
web extract obscures early recogni-| easily 

tion of fibrin web 






























*Information supplied by manufacturer. 











Included in the study were seven post-partum patients within ten days of 
delivery. Their average prothrombin coagulation time was thirty-two seconds, 
which may be considered a borderline prothrombin deficiency. This may have 
been due to one or both of two factors, namely, loss of blood at time of parturi- 
tion or a low-grade vitamin K deficiency. It is worthy of note that every one 
of the post-partum patients had a prothrombin time well prolonged above that 
of the average (22.9 seconds). 

Eleven of the 71 patients studied had prothrombin coagulation times over 
thirty seconds. Included in this group were two essentially normal females, 
one patient five months pregnant, one patient with cardiac failure, one patient 
with cirrhosis of the liver, one patient with chronic ulcerative colitis, one patient 
with pancreatitis, and four post-partum patients that were still hospitalized. 

Russell viper venom is available as a standardized preparation. It simplifies 
the performance of prothrombin coagulation tests and readings of the end 
point of fibrin web formation are easier than when tissue extracts of variable 
potency are used. 
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CONCLUSIONS 










1. Prothrombin coagulation tests were performed on 71 patients with 
Quick’s method and a modified Quick’s method using Russell viper venom. 





1370 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


2. The time differences between the two tests were found to be very small 
and were not statistically significant. 


3. The use of Russell viper venom made the performance of the test and 
the accurate reading of the end point of formation of fibrin web simpler than 
when tissue extract was used. 
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A NEW METHOD FOR DETERMINING SPECIFIC GRAVITY OF 
BLOOD AND BODY FLUIDS* 


FrRANcIS FOLpDES, M.D., BupArest, HUNGARY 


OR the determination of the specific gravity of blood the exact method of 
pyknometry can be employed, but on account of its convenience, Ham- 
merschlag’s method! is often used instead in clinical practice. The specific 
gravity of colorless body fluids is usually determined by refractometry, based 
on protein content. Herein is discussed a very accurate method which permits 
determination of the specific gravity of blood or other body fluids by making 
use of a small quantity (one to two drops) of blood, exudate, transudate, ete. 
In Hammerschlag’s method a mixture of chloroform and benzene is employed, 
the specific gravity of which approximates the expected specific gravity of the 
blood to be examined. Into this mixture one drop of blood is dropped; if it 
sinks to the bottom of the vessel, chloroform is added; if it floats on the surface, 
benzene is added, stirring the whole time, till the drop keeps floating in the 
middle of the mixture. This indicates that the specific gravity of the blood and 
mixture is equal. At this concentration the specific gravity of the mixture 
and hence of the blood is determined by an areometer. 

The new method is a simplification of the Hammerschlag method and is 
earried out by adding one drop of the liquid to be examined (for simplicity’s 
sake blood will be taken as an example), to a mixture of chloroform and benzene 
contained within a previously calibrated vessel. If the drop of blood sinks to 
the bottom, chloroform is added; if it floats on the surface, benzene is added, 
continuously stirring, till the drop floats at the center of the mixture. The 
specific gravity ean then be directly read off from the graduations on the neck 
of the vessel. 


*From the Jewish Hospital, Budapest. 
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The vessel (Fig. 1) of the blood gravimeter consists of a globe-shaped body 
and a long slender neck, closed by a glass stopper. Its volume up to the first 
mark is equal to 25 ¢.¢., or a multiple of this quantity, and is marked ‘‘50.’’ 
Assuming that the gravimeter is filled up to this mark by a chloroform-benzene 
mixture of a specific gravity 1.050 and a volume-of 25 «¢.¢., it follows by the 
equation 25 x 1.050 + 1.476x = 1.055 x (25 + x) that 0.297 ¢.c. of chloroform 
has to be added to raise the specific gravity to 1.055. Similar ealeulation dis- 
closes the quantity of chloroform necessary to increase the specific gravity to 
1.060, 1.065 .... 1.090. The values calculated are as follows: 








SPECIFIC GRAVITY CORRESPONDING VOLUME 


1.050 25.000 
1.055 25.297 
1.060 25.601 
1.065 25.912 
1.070 26.231 
1.075 26.558 
1.080 26.893 
1.085 27.237 
1.090 27.590 








By the equation 25 x 1.050 + 0.884y = 1.045 x (25 + y) it is possible to 
calculate the amount of benzene to be added to the 25 ¢.e. of originally 1.050 mix- 
ture, that the latter may decrease to the specific gravity of 1.045, 1.040... . 1.030. 
The values calculated are as follows: 








SPECIFIC GRAVITY CORRESPONDING VOLUME 
1.050 25.000 
1.045 25.776 
1.040 26.602 
1.035 27.484 
1.030 ; 28.425 








The calibration of the blood gravimeter is estimated by using the data of 
the two columns above. On the one side of the neck of the vessel those volumes 
are marked which correspond to that amount of chloroform which, when added 
to the mixture with the original specific gravity of 1.050, increases this up to 
1.055, 1.060... . 1.090, respectively. On the other side, those volumes are marked, 
corresponding to which such amounts of benzene have been added that the 
original specific gravity of the mixture is decreased to 1.045, 1.040... . 1.080. It 
is of advantage to mark instead of the volumes themselves, the corresponding 
specific gravity values. If the distance between two of the marks is subdivided 
into five equal parts, differences of one degree of specific gravity can be deter- 
mined. 

The calibrated gravimeter is used as follows: The vessel is filled up to the 
50 mark with a chloroform-benzene mixture of 1.050 specifie gravity.* The tip 
of a finger is cleansed and pierced, and one or two drops of blood are sucked 
up into a thin pipette. After the tip of the pipette has been cleaned, one drop 
of blood is dropped into the mixture. If the specific gravity exceeds 1.050, the 
drop sinks to the bottom. While cautiously rotating the closed vessel, chloro- 


*The specific gravity of chloroform and benzene being known (1.476 and 0.884, respective- 
ly at 20° C.) and marking it 1476 or 884, respectively, the proportion necessary to produce a mix- 
ture of 1.050 calculated by the equation 1476x + 884 X (1-—x) = 1.050 is 28:72. Consequently, 
28 c.c. of chloroform and 72 c.c. of benzene are necessary to produce 100 c.c. of a chloroform- 
benzene mixture of 1.050 specific gravity. 
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form is added in small quantities till the drop of blood floats at the center of 
the mixture contained in the globular part of the vessel. At this concentration 
‘the specific gravity is read at the graduation. On the other hand, if the specific 
gravity is less than 1.050, benzene is added to the mixture until the drop floats 
in the middle. 
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Fig. 1. Fig. 2. 


























Allowing that the specific gravity of chloroform and benzene used for 
the determination is taken at 20° C., and that the coefficient of the thermal 
expansion of both? * is equal to 0.001, the temperature of the mixture has to be 
determined after use and has to be corrected accordingly. This is done by sub- 
tracting as many points of the specific gravity determined as are above 20, 
supposing that the temperature has been found to exceed 20° C. Contrariwise, 
as many points are added as the temperature has been found to be below 20° C. 

The method is also suitable for determining the specific gravity of other 
body fluids. Considering that the specific gravity of body fluids is for the 
most part below 1.050, another gravimeter (see Fig. 2) has to be calibrated 
which permits the reading of specific gravity values between 1.029 and 1.004. 
As a starting point a chloroform-benzene mixture of 1.014 specifie gravity is suit- 
able, since it is easy to procure 25 ¢.c. of it, by mixing 5.5 ¢.c. of chloroform 
and 19.5 ¢.c. of benzene as indicated by the equation 1.476x + 0.884 x (l1-x) = 
1.014. 
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By the equation 25 x 1.014 + 1.476x = 1.019 x (25 +x) the amount of chloro- 
form necessary to add to the mixture to arrive at a specifie gravity of 1.019, 
1.024 ... . 1.029 is ealeulated. The values are as follows: 








SPECIFIC GRAVITY CORRESPONDING VOLUME 


1.014 25.000 
1.019 25.263 
1.024 25.543 
1.029 25.829 








By the equation 25 x 1.014 + 0.884y = 1.009 x (25 + y) the amount of ben- 
zene ean be ealeulated by the addition of which the specific gravity of the subse- 
quent mixtures can be regulated at 1.009 and 1.004. The values calculated are 
as follows: 








SPECIFIC GRAVITY CORRESPONDING VOLUME 
1.014 25.000 
1.009 26.000 
1.004 27.083 








Allowing that the specific gravity of the body fluids, which may have to 
be determined, varies between the values of 1.004 and 1.090, two separate cali- 
brated vessels of which the one is graduated from 1.004 to 1.029 and the other 
from 1.030. to 1.090 suffice for determining the specific gravity of body fluids 
encountered in clinical practice. 

The figures obtained by the blood gravimeter were controlled several times 
by comparing them with the values obtained by pyknometry. The difference 
found never exceeded one to two points. 


SUMMARY 


A new method suitable for simple and reliable determination of the specific 
gravity of blood and body fluids has been described. Although differing only 
slightly from the results obtained by pyknometry, this method is simple and 
easy to use, and is especially valuable for making estimations in a large number 
of cases. The simplicity of the method permits its use by the clinician at the 
bedside. One to two drops of the substance to be examined are sufficient. Be- 
sides the previously calibrated gravimeter, only chloroform, benzene, and a ther- 
mometer are necessary to practice it. The low cost of the method is a further 
advantage. Besides its clinical application the method is sufficiently reliable 
to be used for comparative investigations of the change of specific gravity in 
different types of disease and may, therefore, be used with advantage for scien- 
tifie purposes also. 
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A NOTE ON THE VISSCHER-BOWMAN CHEMICAL TEST 
FOR PREGNANCY 


Henry G. Hapiey, M.D., Wasutneton, D. C. 


HE Visscher-Bowman test! was thought by some to be of value in the diagno- 

sis of early pregnancy.’ It is performed by adding one drop of 1 per cent 
hydrogen peroxide, five drops of 1 per cent phenylhydrazine hydrochloride, 
five drops of 5 per cent methyleyanide, and five drops of concentrated hydro- 
chlorie acid to 1 ¢.c. of urine, then heating in a water bath for twenty-five 
minutes. A flocculent brownish-red precipitate is indicative of a positive reac- 
tion. 

Sheehan? decided that the effect of hydrochloric acid with heat was re- 
sponsible for the positive reaction and found that over 60 per cent of male 
urine gave positive results. These results agree with Krieger,’ who considered 
the reaction due to nonspecific reducing substances and not to the hormones of 
the anterior lobe of the pituitary. These nonspecific substances appeared to be 
reducing carbohydrates, particularly in the presence of albumin, urinary pig- 


ments, and other reducing substances, especially if concentrated. 


The urines of 232 persons were tested, 35 being urines of pregnaney and 
the remaining being urines of 77 males and 120 nonpregnant females. The 
results showed that there were as many positive reactions in the males as in 
females. About 75 per cent of the total group were positive. Apparently the 
test does not show the presence of hormone nor is it a specific test for pregnancy. 
The length of time of boiling was not found to influence greatly the results, 
except that where the boiling was continued longer, a greater percentage of 
positive reactions was obtained in both males and females. Apparently the 
reaction was produced by nonspecific substances in the urine, as a greater per- 
centage of positive results were obtained from normal urine and from urines 
of persons with diabetes by adding solutions of dextrose. 


CONCLUSION 


This test appears to be of no value because nearly as many positive results 
were obtained from the urines of males and nonpregnant females as from the 
urines of pregnant females. 
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A SIMPLE AND INEXPENSIVE MICROTITRATION APPARATUS* 







ESPECIALLY USEFUL FOR TITRATING CULTURE MEDIA 


KE. 8S. Kine, M.D., F.A.C.P., anp L. L. Cuastarin, M.S., Wake Forest, N. C. 









HE need for a simple, yet accurate and convenient, apparatus for titrating 
culture media resulted in our design. It is especially useful for making the 
titration necessary for the adjustment of the reaction of culture media by the 
colorimetric method, although it may be used for any titration where small 
amounts of exact alkali or acid are required. It is equally useful also in the 
adjustment of the reaction of culture media by the Fuller method. 
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Fig. 1. 









The apparatus consists of an ordinary ring stand, two clamps, a 1 ¢.c. pipette 
graduated in hundredths, a 2 ¢.c. hypodermic syringe, and a short piece of 
rubber tubing. The pipette (A) is held in a vertical position by an ordinary 
burette clamp. The pipette is connected by rubber tubing to the syringe (B) 
held in a horizontal position in a simply constructed wooden block (C) by a 
second burette clamp. The wooden holder for the syringe is a split block of wood 








*From the Departments of Bacteriology and Physiology, School of Medical Sciences, Wake 
Forest College, Wake Forest. 
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through which a hole, just large enough to accommodate the barrel, has been 
bored. The two portions of the split block are held together by bolts with wing 
nuts. A square of tin to which a nut has been soldered is tacked across one end 
of the block; a long screw (D) is threaded through this nut and is fastened to 
the plunger of the syringe by one end of a small one-hole rubber stopper, to 
which it is glued, and into which the screw is threaded at the opposite end. The 
same arrangement may be made merely by sinking the nut through which screw 
(D) passes into the block. The level of the fluid within the pipette is regulated 
by turning the screw (D) which forces the plunger in or out. A feature of some 
value is that the syringe is on the same level as the upper figures on the pipette; 
so that both are on the same level with the eyes when the instrument is being 
used. 

Our use of the instrument has indicated that it has the distinct advantage 
of being more accurate than manipulation of the pipette by hand in the usual 
way, since the expulsion of fluid from the pipette is always under positive and 
complete control. If necessary, a fraction of a drop may be used with ease, a 
thing which is rather difficult without this control. 

The apparatus may be constructed at a very moderate cost. A ring stand 
may be purchased for 45 cents, clamps for 35 cents each, syringe for $1.25, and 
the pipette for 25 cents. The wooden block can be made in the shop in a few 
minutes at almost no cost. The total cost would be approximately $2.65. 





A SIMPLE ABSORPTION BULB FOR USE WITH AN ORDINARY 
SYRINGE IN DETERMINING OXYGEN OF THE AIR 
IN AN OXYGEN TENT* 


FReperRIC E. HouMes, CINCINNATI, OHIO 


gaan it is not necessary to determine the oxygen content of the at- 
mosphere of the oxygen tent with the precision attainable with the more 
refined gas analysis apparatus. Numerous simple forms of apparatus have 
come into use. Henderson and Greenberg’ employed an ordinary syringe with 
simple accessories. The reagent for the absorption of oxygen was a solution con- 
taining sodium hydrosulfite, which was drawn into the syringe after measure- 
ment of the volume of the sample. Hoechstetter? used an apparatus somewhat 
similar in principle, consisting of two syringes, the lower one of which contained 
copper sereen and a solution of ammonia and ammonium chloride. In each of 
these devices, the volume of the sample was measured at a pressure dependent 
upon the weight of either the barrel of the syringe and its accessories or the 
plunger. After absorption of oxygen the volume of the residual gas was 
measured supposedly under the same pressure. However, in practice, using 
Henderson’s apparatus, we found it difficult to eliminate entirely sticking of 


*From the Children’s Hospital Research Foundation and the Department of Pediatrics, 
College of Medicine, University of Cincinnati. 
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the plunger, and since there was no way of measuring the pressure of the gas 
in the syringe, we were never certain that we had obtained the same pressure for 
both readings. While it might be possible to select a syringe free of any tendency 
to stick, it is obviously advantageous to be able to use any syringe that happens 
to be at hand. By means of the manometer fused to the absorption bulb shown 
in Fig. 1., the operator is enabled to bring the residual gas to the same pressure 
as the original sample, despite any resistance that is likely to occur. 
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The apparatus consists of an ordinary syringe, preferably of 10 ¢.c. capacity, 
an absorption bulb of about 60 ¢.e. capacity, and a manometer with an expansion 
bulb as shown. The sizes of parts may be obtained by reference to the ac- 
companying scale, but these dimensions are not critical. The small tubing con- 
stituting the manometer proper extends to a point above the top of the stopper 
in the absorption bulb. This one-hole rubber stopper and the solid stopper 
at the top of the manometer are indicated by diagonal shading. The neck of the 
absorption bulb is tapered to fit a 0 or 00 stopper, thus insuring a snug fit and 
a minimum change in volume due to distortion of the stopper in inserting the 
tip of the syringe. The apparatus is supported in a hole in a wooden block. 

To prepare the bulb for use, light copper turnings are stuffed into it through 
the neck, and the solution is poured onto the turnings until it reaches the level 
of the bottom of the stopper. The stopper is then inserted, and a small piece of 
glass rod is used to plug the hole. Any excess solution may be rinsed off from 
the outside of stopper or bulb. The copper turnings should fill the bulb, but 
should not be packed tight enough to impede displacement of all gas bubbles by 
the solution after absorption. The solution is made according to Badger® by 
saturating a mixture of one part of concentrated ammonium hydroxide and two 
parts of water with ammonium chloride. When the apparatus is not in use, the 
top of the manometer is closed by a solid rubber stopper to prevent slow ab- 
sorption of oxygen from the air. This stopper is removed during analyses. 
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A determination is made in the following manner: A representative sample 
of more than 10 ¢.c. is obtained in the syringe. The plunger is brought to the 
‘10 ¢.c. mark and held rigidly in this position while the tip of the syringe is 
inserted into the hole in the stopper and while the level of liquid in the 
manometer is marked by a glass-marking pencil or by a small clamp placed on 
the manometer. The plunger is then pushed down slowly until the sample has 
been forced into the bulb; it is held there for a few seconds, and then it is lifted 
until the liquid in the bulb touches the bottom of the stopper. This operation is 
repeated until the volume of the residual gas is constant. Usually four transfers 
of the sample into and out of the bulb are enough. The plunger is finally raised 
(or lowered) until the liquid in the manometer has been brought back to the 
original mark, and the volume of the residual gas is read on the graduations on 
the syringe. The difference between the initial reading (10 ¢.c.) and this final 
reading represents the volume of oxygen absorbed. 

Theoretically, there should be some error due to the absorption of oxygen 
from the lumen of the tip of the syringe and from any small bubble that may 
be present in the hole of the stopper, but actually this error is too small to de- 
tect. An expected error due to change in level of the liquid when the tip of the 
syringe is pushed into the stopper is also too small to be detected. Usually no 
error is introduced by a rather large bubble below the stopper because it con- 
sists of inert residual gas from which the oxygen has been absorbed. Determina- 
tion of the oxygen in air or in known mixtures of air and pure oxygen are usu- 
ally accurate to within 1 or 2 per cent of the total volume of the sample. 

Although the open manometer is less compact and offers less than complete 
protection of the solution from contact with the outside air, it is superior to a 
closed manometer in ease of manipulation and in freedom from the effects of 
changes in temperature. 

A satisfactory clamp for marking the position of the meniscus in the 
manometer at the time of the first reading may be made by opening out a paper 
elip until it ean be placed over the glass tubing, and then bending the long loop 
around the tube to prevent its slipping off. 
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A SIMPLIFIED DETERMINATION OF BLOOD PROTHROMBIN 
LEVELS IN THE NEWBORN* 


Car P. Huser, M.D., anv Jack C. SHraper, M.D., INpIANAPOLIS, IND. 


ECENT studies have aroused interest in the relationship of vitamin K to 

various hemorrhagic tendencies in the human being. In the adult these 
have been largely concerned with bleeding states in obstructive jaundice.* In 
the newborn infant they have been concerned particularly with hemorrhagic 
disease. The importance of vitamin K in the establishment and maintenance 
of adequate prothrombin levels in the blood has been verified. 

Study of the prothrombin content of the blood of newborn infants has 
shown that considerable variability exists in the normal infant during the first 
week of extrauterine existence.** In general, this is manifested as a drop in 
prothrombin level during the first few days of life followed by a return to at 
least the original level during the second week. 

Routine study of a large series of infants has been complicated by the 
necessity of repeated venepuncture to obtain blood for study. More recently, 
Bray and Kelley® and Kato’? have reported the use of capillary blood ob- 
tained by heel puncture as giving satisfactory results. During the past nine 
months we have been using a modification of the Smith" bedside test as a simple 
clinical method for evaluating the prothrombin factor in blood of the newborn. 


METHOD 


A total of 20 e.mm. of thromboplastin extract are placed on a clean glass 
slide. Blood is obtained from the infant to be tested by heel puncture. Twenty 
cubic millimeters of blood are drawn into a blood pipette and immediately trans- 
ferred to the drop of thromboplastin on the slide. A stop watch is started at 
this time. The blood and thromboplastin solution are mixed, and the drop is 
pricked every second with a stylus until a firm, fibrin strand adheres to the 
point. The interval in seconds is recorded as the prothrombin clotting time. 
A normal control is run in the same manner using adult finger blood. The pro- 
thrombin level is expressed in per cent of normal using the formula suggested 
by Smith and co-workers: 


Clotting time of control 


: : 100 = clotti ‘tivity in per cent of normal. 
Clotting time of unknown . a Sy Pe ey es ee 





The technique of making the heel puncture which was found to give the 
best results is as follows: The infant is cradled on the left arm while holding 
the infant’s left foot in the left hand. The heel is sponged with alcohol and 
dried carefully. Using a No. 11 knife blade the puncture is made slowly and 
deliberately on the posteromedial edge of the heel at a depth of approximately 
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% inch. The left leg is then lowered into a dependent position, and a drop 
of blood immediately begins to form. The infant is replaced in the crib and 
- blood is drawn into a pipette to the 20 e.mm. mark. Delay in obtaining the 
blood and squeezing the heel will shorten the prothrombin clotting time. <A 
second determination cannot be made from the same bleeding point as the blood 
will always clot considerably quicker than the first drop obtained. 

The thromboplastin extract is prepared in the following manner: Fresh 
sheep or swine lung is ground in a domestic meat grinder and placed in a 
large beaker. To this is added 1 ¢.c. of normal saline per gram of ground 
lung. The lung-saline mixture is stored overnight in the refrigerator. It is 
then strained through a double layer of broadcloth. The saline extract is placed 
in small test tubes and securely corked. These tubes are stored in the freezing 
compartment of a refrigerator where the thromboplastin extract retains its 
potency for at least six weeks. When ready for use, a tube is allowed to thaw 
and the extract is used at room temperature. 
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Chart 1. Chart 2. 


Chart 1.—Average values in per cent of normal clotting activity on the various days of 
the neonatal period in 114 infants. 
Chart 2.—Curves showing the variation in clotting activity in four normal infants. 


RESULTS AND COMMENT 


We recognize that with this method we are not obtaining an accurate deter- 
mination of the prothrombin level of the blood, but rather a summation of sev- 
eral factors, including particularly the amount and convertibility of prothrom- 
bin. We feel that for practical purposes such a measure of the ability of the 
blood to clot in the presence of an excess of thromboplastin will indicate those 
infants in whom a critical deficiency exists. 


Using this method we have routinely determined the clotting activity in a 
series of 114 infants. The infants were tested every other day during the first 
ten days of life, or for longer periods if they remained in the hospital. Chart 1 
illustrates in per cent of normal clotting activity the average level for each day 
of life in the total group of 114 infants. It will be noted that the lowest levels 
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are reached forty-eight to seventy-two hours after birth. By the end of the 
first week the average values are well within the normal range and seem to be 
maintained at that level. 

Considerable variation exists in individual infants as shown in Chart 2. The 
‘our infants whose curves are illustrated were all full term, delivered without 
incident, breathed spontaneously, and were breast fed. In reviewing our charts 
we find no evidence of consistent differences in the clotting activity of prema- 
cure and full-term infants. We do, however, find suggestive evidence that there 
is a seasonal variation in the type of curve. In 10 infants delivered consecutively 
during November, 1939, the average low reading was 45 per cent, while in 10 
infants delivered during March, 1940, the average low reading was 12 per cent 
of normal clotting activity. This observation is not surprising in view of the 
probable differences in diet of the average patient during the summer and 
winter months. Further study of this phase is being made. 
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Chart 8. Chart 4. 


Chart 3.—Typical curves illustrating the marked drop in clotting activity in the blood of 
some normal infants. 
: Chart 4.—A prolonged low prothrombin level in an infant with a bleeding tendency show- 
ing a rapid response to a vitamin K preparation. 


Two typical curves of a different type are shown in Chart 3. The strik- 
ing drop on the third day is obvious. Both of these infants were normal, and 
there was a rather prompt return of the prothrombin clotting time to normal. 
It is suggested that any unusual trauma to infants showing such a curve might 
well precipitate serious bleeding. This may be a factor in increasing cerebral 
injury associated with difficult delivery or prolonged asphyxia, particularly 
where an increase in the symptoms appears twenty-four to seventy-two hours 
after delivery. 

That vitamin K will correct this decrease in clotting activity and that, if 
administered early, it will prevent the drop is indicated by recent reports in the 
literature,* 7 as well as by investigations in progress on our service. In Chart 
4 we illustrate the rapid rise to normal level of the clotting activity in an infant 
who, coincident with the low levels found during the first five days of life, 
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passed bloody mucus from the bowel and vomited a blood-streaked material 
Therapy consisted of 1 mg. of 2 methyl-1, 4-naphthoquinone (Squibb) in corn 
- oil, given orally on the fifth and sixth days as shown. No further bleeding ap- 
peared after administration of this material. 

The apparent relationship of a low prothrombin content of the infant’s 
blood to hemorrhagic disease of the newborn, and very probably to other bleed- 
ing tendencies, indicates the desirability of an increasing number of observations 
of this relationship. This is particularly true in view of the reported efficacy 
of vitamin K in the therapy of these infants. It is with this thought in mind 
that we are presenting a simplified procedure for clinical evaluation of the pro- 
thrombin level. It can be readily performed without special laboratory facilities 
and does not require venepuncture on the infant. 


CONCLUSIONS 


1. A simplified procedure for the determination of prothrombin levels in 
the blood of the newborn infant is described. 

2. With this procedure a decrease in clotting activity is demonstrated and 
reaches a maximum the second and third days of the neonatal period. 

3. In the normal infant there is a spontaneous return to normal clotting 
activity by the beginning of the second week of life. 

4. A seasonal variation in the degree of prothrombin deficiency is suggested. 
This appears to be most marked during the early spring. 
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ON THE MEASUREMENT OF EXTRACELLULAR FLUID VOLUME 
WITH THIOCYANATE AND BODY FLUID ANALYSES 
IN 33 NORMAL INDIVIDUALS* 


J.D. Stewart, M.D., ANp G. M. Rourke, B.A. 
Boston, Mass. 


N 1934 Crandall and Anderson’ reported results of studies on determination 

of body fluid available for solution of thiocyanate. They concluded that 
consistent results could be obtained in the same individual, and that with 
qualifications the solvent measured could be considered extracellular fluid. 
The thiocyanate ion when injected intravenously as sodium thiocyanate, or 
when taken by mouth as the sodium or potassium salt, diffused rapidly into 
water of plasma, red blood e¢ells, transudates, and gastrointestinal secretions 
but not into cerebrospinal fluid. The thiocyanate was found to be excreted from 
the body quantitatively through the urine. Lavietes, Bourdillon, and Kling- 
hoffer? showed that thiocyanate, sucrose, and inorganic sulfate are distributed 
through approximately the same fraction of body fluid. This fraction was 
found to make up about 20 per cent of the weight of normal persons, and was 
considered as composed in all probability chiefly of extracellular fluid. These 
workers discovered that thiocyanate becomes distributed in serum partly in 
bound form, and devised a forniula to correct for consequent unequal distribu- 
tion in ealeulating extracellular fluid volume. Gregersen and Stewart*® de- 
veloped a technique for simultaneous determination of plasma volume and ex- 
tracellular fluid volume, based on the spectrophotometrie determination of 
concentrations of the blue dye of Gregersen’s plasma volume method‘ and the 
thiocyanate of the extracellular fluid volume method. 


We have used the thiocyanate method extensively for determining ex- 
tracellular fluid volume in normal subjects and in patients and animals with 
disturbances in water balance. The present study deals with technique we now 
use in making the determination, and reports illustrative normal values. 


METHODS © 


Reagent grade sodium thiocyanate is dried at 100° C. until constant in 
weight. Fifty grams are weighed out, dissolved in 500 ¢.e. of distilled water, 
and the solution is filtered. The filter paper and funnel are washed with 250 
c.e. of warm distilled water. The solution, then having a volume of about 
750 ¢.¢., is sterilized by boiling in a liter, covered, volumetric flask for thirty 
minutes. After cooling, the solution is made up to volume with sterile distilled 
water. The solution is put up in 25 ¢.c. quantities in sterile test tubes capped 
*From the Surgical Laboratories of the Harvard Medical School at the Massachusetts 


General Hospital, Boston. 
Received for publication, September 4, 1940. 
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with Davol baby bottle caps No. 150. Before using the solution, 25 ¢.c. are 
given to a dog intravenously, and a precautionary bacteriologic culture of a 
sample is made to exclude chance contamination. The solution keeps several 
months without deterioration. On using it the solution must be perfectly clear. 
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Chart 1.—Thiocyanate diffusion curves after intravenous injection in normal individuals, con- 
structed from plasma concentrations. 


For injecting the thiocyanate solution into a vein a ealibrated 10 c.c. or 
20 ¢.c. syringe is used, the syringe and needle having been sterilized by auto- 
claving. The syringe and needle are washed with three or four 2 ¢.c. quantities 
of blood before withdrawing the needle from the vein. A vein in the opposite 
arm is used in taking samples after this injection, and five samples of blood 
of 5 «ec. each are taken, preferably at intervals of ten, twenty, thirty, forty, 
and fifty minutes. In making the determination in adults as a rule 20 c.e. of 
the 5 per cent solution are given. In children or in dogs, and in adults upon 
whom the determination has previously been made within three days, 10 c¢.e. 
are injected. 

In samples of serum withdrawn subsequently thiocyanate concentration 
is measured in a colorimeter, using the method of Crandall and Anderson,’ or 
the spectrophotometrie method of Gregersen and Stewart.? In either case the 
filtrate obtained after precipitation of serum protein must be clear before 
producing color by addition of the ferrie nitrate reagent. If thiocyanate has 
been given within a week, a pre-sample must be taken and its thiocyanate 
concentration deducted in using the colorimetric technique. In the spectro- 
photometric measurement the thiocyanate content of the pre-sample is auto- 
matically deducted, since the determination measures increase in optical density 
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of the post-sample compared with the pre-sample. We now use only the 
intravenous technique in giving sodium thiocyanate, since we have found the 
results much more consistent than with the oral method. In no case has evi- 
dence of toxic reaction to the injected sodium thiocyanate been observed. 
Ilowever, we never inject more than 20 ¢.ec. of 5 per cent sodium thiocyanate 
at one time, and have not produced levels higher than 15 mg. per cent in the 
blood. 
CALCULATIONS 


An important point in technique relates to the diffusion curve which is 
constructed after the intravenous injection of sodium thiocyanate. For the 
first fifteen to twenty-five minutes the concentration in the blood serum falls 
rapidly. The curve then assumes a different form, and the subsequent gradual 
decline in serum concentration depends on urinary excretion. To get accurate 
results consistently we find it necessary to obtain enough samples of serum to 
plot the two components of the curve. The point at which the two components 
merge, indicated by the arrow in Chart 1, is then considered as the concen- 
tration in the serum after uniform diffusion in extracellular fluid has resulted. 
Results may be quite variable if only a single reading is made thirty or forty 
minutes after injection, for in abnormal conditions, such as deranged water 
balanee and anesthesia, the second component of the curve, as well as the first, 
may have a variable slope. This point is indicated in the series of curves shown 
in Chart 1. 

In ealeulating fluid available for solution of thiocyanate, considered as 
extracellular fluid plus water of red blood cells, we use the simple formula 
(formula A) : ? 
mg. SCN given x 100 
mg. % concentration SCN in serum — 





cC.c. = 


This uncorrected formula gives results of practical value, though it ignores 
such considerations as partial binding of thiocyanate by serum protein and 
lower concentration in red blood cells than in serum due to lower water con- 
tent in cells. If plasma volume and hematocrit have been determined at the 
same time as extracellular fluid volume, then the formula of Lavietes, Bourdil- 
lon, and Klinghoffer? may be used (formula B) : 
Extracellular fluid volume = 
(mg. SCN retained in body) — (cone. in serum x blood vol.) + (serum vol.) 
(100/110) (eone. in serum) 





This formula introduces too great an error if serum volume and whole blood 
volume are assumed to be constant fractions of body weight, particularly in 
the conditions of deranged hydration where the determination would be of 
most interest. There is undoubtedly error also in computing whole blood 
volume from plasma volume and hematocrit of venous blood, due to the higher 
plasma content of capillary blood resulting from axial streaming of corpuscles. 


In Table I are presented data from 33 normal physicians and students, 
and patients awaiting elective surgical procedures, studied in the resting post- 
absorptive state. Average values for the group are computed. Values for 
plasma volume‘ and extracellular fluid volume are expressed in cubic centi- 
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meters and in relation to weight and surface area. Data headed extracellular 
fluid volume (formula A) are calculated by the original formula of Crandall 
and Anderson.’ In the column headed extracellular fluid volume (formula B), 
ihe formula of Lavietes and others is used, and the values are lower inasmuch 
as water of red blood cells is deducted. This difference is partially offset, 
however, by the correction the latter formula makes for binding of thiocyanate 
by serum protein. Hematocrit readings were made by adding 4 c.c. of blood 
to 1 e.e. of 1.1 per cent sodium oxalate solution and centrifuging in hematocrit 
iubes until no further change in the reading occurred, precautions being taken 
igainst loss of carbon dioxide. Serum sodium was determined by the gravi- 
metric method of Butler and Tuthill,® serum chloride by the method of Wilson 
and Ball,® total nitrogen of plasma by the macro-Kjeldahl method.?” Oxygen 
capacity was determined, using heparinized venous blood drawn without stasis 
and equilibrated with room air at room temperature.® 


SUMMARY 


1. Modifications are described in the method of determining extracellular 
fluid volume by the thiocyanate technique. 
2. Body fluid analyses in 33 normal individuals are reported. 
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MEDICAL ILLUSTRATION 


SHARPNESS CONSIDERATIONS IN MAKING SCIENTIFIC 
ILLUSTRATIONS* 


Luoyp E. Varven, A.R.P.S., BrncHamton, N. Y. 


O ONE will doubt the value of sharp photographs when used for scientific 
purposes. The very reason for using photography in illustrating case 
records or investigations dictates that sharpness should be a prime requisite, 
because the oddity of many studies calls for photographie illustrations in order 
to convey properly the full meaning of the problems or disclosures at hand. 
There is no better way to present a new situation than by photographie means, 
but so often we find that pictures of immense value to the individual investigator 
are of no value to other workers and students. By this, I mean that an in- 
vestigator intimately concerned and entirely familiar with a given undertaking 
is able to see in a picture the real meaning it has in connection with some par- 
ticular point, while to a more or less neutral or uninformed worker the picture 
will not have the same significance unless it clearly depicts the situation under 
observation. To do this the image must be sharp, and the sharper the better. 

Of course, there are several considerations to be taken into account when 
attempting to achieve a high degree of perfection in photographic illustrating. 
The proper films must be chosen, the lighting arrangement on the subject must 
be correct, proper exposure and development should be given, and many other 
fundamentals should be executed exactingly. Most of these requirements are 
topics within themselves. However, our interest in them at this time will be 
limited to the extent of the effect that these might have upon the subject of 
sharpness. They will be discussed as incidental matters at the points where they 
appear in the discussion at hand. 

To define sharpness is not as easy as one might imagine. In general, we all 
have a common understanding of what is meant by the term. But other visual 
factors come into play that may cause confusion of the real issue. For example, 
from a given negative two prints can be made—one on soft paper and the other 
on hard. To an untrained observer and to many experienced people, the print 
on hard paper will always be interpreted as the sharper, whereas actually it 
ean easily differ only in the degree of contrast. This same confusion is experi- 
enced to a less pronounced degree by viewing prints under different levels of 
illumination, where the variations in brightness result in a change in visual 
acuity. 

I should not care to take the stand that effective visual sharpness cannot be 
altered by such means. On the contrary, it has always seemed to me that the 

*From Agfa Ansco Laboratories, Binghamton, 
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visual definition of a photograph is intimately bound with the ease of ready 
interpretation. On the other hand, from a more critical standpoint, ease of 
interpretation (or readability) and actual definition are distinct matters. I shall 
have oceasion to refer to this later. 


In the practical production of sharp photographs there are several distinct 
and unquestionable factors. First, there is the subject itself. It will be agreed 
that the ultimate goal is to record all of the detail in the original subject and 
often, if possible, to exaggerate the ease of recognizing this detail by pure photo- 
eraphie possibilities, for example, exaggeration by contrast increase, bettering 
{one separation by filters and stains and other methods. From a practical 
standpoint the subject matter must be observed carefully because a working 
tolerance exists that in some cases permits workmanship of considerable medi- 
oerity, while in others the tolerance is so small that exacting requirements must 
be complied with at every step. Probably this point deserves exemplification. 
Imagine that a department for years has been required to photograph gross 
objects having only massive details. For this work a lens and camera of average 
quality, adjusted quickly by unaided vision, would perhaps be found entirely 
adequate. Now suppose the same department is called upon to supply 8 by 10 
photographs of some small, highly detailed sections of gross objects. The same 
equipment and methods of working in this case, as used for the mass-detailed 
gross objects, would certainly be found lacking in the capacity to produce 
sharp results. For this reason it is a good idea when making photographs of 
any type to attempt to procure the maximum sharpness at all times. This may 
require the use of reference objects possessing fine details in many eases, but 
the need for such simple accessories cannot be considered as a barrier to the 
general adoption of the principle of maximum sharpness at all times. 

In arranging the lights before making a picture one should profit by the 
experience gained in the use of the microscope. In microscopy we are con- 
cerned with subjects of exceptionally fine details. It is well known that the 
finest details, especially when the magnification limit of the instrument is em- 
ployed, are readily lost by a slight shift from the optimum direction of the 
principal light beam. To be sure, when making photographs of gross objects 
the placement of the light source is not so critical as in high-power microscopy, 
but the fact remains that when fine details within the mass areas of a gross 
object must be recorded, the judicious use of lights is important. It is observed 
by most prolific workers that diffuse light sources, although probably giving 
slightly less than optimum results, will permit more tolerance in placement than 
specular (condensed or directionally reflected) sources. However, in both cases 
it is usually true that the lights should not be placed so close as to produce glare 
and should be at average angles between the horizontal and perpendicular posi- 
tions, that is, around 45 degrees. 

Perhaps the most important equipment consideration is the lens of the 
camera. It is universally recognized that there exists a wide variation between 
different types and makes of photographic objectives as far as sharpness is con- 
cerned. It is further known that in practice the wide aperture lenses (of a 
given focal length) are usually less capable of producing a sharp image over 
a wide field than lenses of smaller aperture. Theoretically, the reverse is true, 
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for the theoretical resolving power of an objective increases with an increase 
in numerical aperture. However, lens makers find that a sacrifice is usually 
made in sharpness when the aperture is very large. At the same time, when 
the aperture is very small sharpness again is lost, owing to the introduction 
of diffraction. Apart from this generalization, objectives of poor quality most 
frequently are the low price types in which insufficient correction has been 
introduced either in the design or in the grinding of the components. A lens 
of good make is generally expensive, but because a lens is expensive does not 
give assurance that it will be of the highest possible sharpness. The best prac- 
tice is to select a lens from a reputable manufacturer’s catalog on a trial basis. 
If the lens is found to perform the duties required in one’s work, nothing 
more can be asked. If it does not comply with one’s requirements, another 
lens can be tried. At this point it should be said that lenses.of good make 
are in most cases capable of giving better definition than one will find possible 
to utilize in the photographie process. The limit of film resolution is much 
lower than the best lens resolution, and even the average good lens has better 
resolving power characteristics than the average negative film. 


In spite of the fact that good lenses exceed the resolving power of most 
negative materials, a lack of sharpness is observed readily in much of the 
photographie work produced in biological departments. There must be reasons 
for this beyond the equipment problem, the chief one being the improper use 
of the equipment, especially in focusing the camera image. 


Focusing is accomplished habitually by simple, unaided visual means in 
most departments. That this is a bad practice when optimum sharpness is 
imperative cannot be stressed too emphatically. When ground-glass focusing 
cameras are employed, it is often advisable to rub the ground glass with vase- 
line in order to reduce the tendency of the coarse texture to break up the image 
detail. Focusing should then be done with a magnifying glass of sufficient 
power to enable clear distinction of the finest details. At every step the per- 
fection of focusing should be checked. If a camera without a focusing ground 
glass is used, the focus should be checked by placing a section of ground glass 
in the film plane and examining the image with a magnifier. This is all-impor- 
tant since print sharpness is directly dependent upon negative sharpness. 


Upon procuring critical sharpness in the image plane by the proper selec- 
tion and use of equipment, the next step is to record the image on film with 
as much fidelity as possible. Naturally, films of maximum ability to record 
fine details, or those having the highest resolving powers, are ideal and should 
be selected when other factors permit. By other factors is meant emulsion 
speed requirements, color sensitivity, and so on. 

The resolving power of a film emulsion is difficult to express exactly, since 
considerable variation exists in its evaluation by different observers. Skilled 
workers ean determine resolving power within 10 per cent of each other, whereas 
those who are unskilled have difficulty in arriving at results within 30 per cent 
variations. As a result the resolving powers of Agfa emulsions are arranged 
in groups, each group differing from the next by about 25 per cent. An emul- 
sion listed in any group will have a resolving power within the limits for the 
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croup, but some films will have slightly better resolving power than others 
of the same class. The general classification as it now stands is given below: 







‘0 to 50 Lines per mm. Commercial 

Commercial Ortho 

Super Plenachrome Press 

Isopan 

8S. S. Panchromatic Aero 

16 mm. Plenachrome Reversible 

16 mm. Panchromatic Reversible 
Twin 8 & 16 mm. Hypan Reversible 
16 mm. Triple S Superpan Reversible 
Direct Duplicating 

Direct Copy 


Ultra-Speed Panchromatic, 35 mm. 
Superpan Reversible, 35 mm. 
Standard 
Portrait 
S. S. Plenachrome 
Superpan Portrait 
Triple S Pan 
S. S. Panchromatic 
Commercial Pan 
Triple S Pan Aero 
65 to 85 Lines per mm. 


50 to 65 Lines per mm, Weal. 28 sem 
itive, , 


I, G. Plenachrome, 35 mm. 


Process 
Plenachrome Roll 8 mm. Filmopan Reversible 
Super Plenachrome Roll & Pack 
Finopan, 35 mm. & Roll 85 to 105 Lines per mm, 
Superpan Supreme, . Printon 
30 mm., Roll & Pack 105 to 180 Lines per mm. 
Infra Red, 35 mm. Reprolith 


Superpan Press, Roll & Sheet Reprolith Ortho 





The resolving power of an emulsion is a direct expression of its ability to 
register fine detail. In order for the complete possibilities of the emulsion to 
be realized in practice, however, the sharpness factors that have already been 
pointed out must be considered carefully, especially the focusing factor. 


After a film of given laboratory determined resolving power is selected for 
use, it must be exposed and developed properly if good picture quality is to 
be expected. This fact is well known. But it is not well known that camera ex- 
posure and development, within reasonable limits, have little bearing on the 
sharpness of the final negative image. Of course, when light falls upon an 
emulsion there are many reasons to cause one to assume that exposure and 
development should be critical for optimum sharpness. We know that irradia- 
tion within the emulsion by reflection and refraction of the light, and halation 
by back reflection will promote image spread and tend to merge the details. 
We know further that certain developers result in coarser-grained images than 
others, and that developed contrast and fog level also affect clarity of definition. 
However, as was pointed out earlier in this discussion, a distinction myst be 
drawn between ease of interpretation and actual definition. It has been found 
that exposure and development factors have little bearing on the accuracy of 
determining emulsion resolving power. This alone does not mean that in prac- 
tice these points should be ignored. Surely it is more desirable to have a 
negative in which the details are well separated by clean-cut contours, and at 
a density and contrast level that enable ready printing. On the other hand, 
it is enlightening to know that it is not so important as was once thought to 
have critical exposure and development in order to utilize all the resolution 
that an emulsion possesses. 
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Positive paper prints are inevitably made from negatives in biological 
photography. In this step much sharpness can be lost unless an exacting tech- 
nique is used. The two principal methods for making paper prints, that is, by 
contact and by projection, involve much care. For example, in making contact 











Fic. 1.—RESOLUTION CHART 


The figures indicate the number of lines per 
millimeter in the chart. To determine the 
number of lines resolved by the film, mul- 
tiply the corresponding number by the re- 
duction ratio. 


To aid in determining the reduction ratio, 
the box surrounding these instructions has 
been made exactly 100 millimeters in length 
inside dimensions. 


prints we often find workers simply holding by hand, a sheet of paper against 
the negative on the printer top, apparently without knowing how necessary it 
is to get uniform and intimate contact between the developed negative and the 
paper emulsion. That this factor is of prime importance is borne out by the 
care photoengravers take in getting a good strong contact when making prints 
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from half-tone or line negatives. In the graphie art industry, contact printing 
is practically always accomplished by the use of vacuum frame printing de- 
vices. Actually, the details that are necessary in such work are of a much 
oreater order than 50 lines per millimeter. This is the average resolving power 
of negative emulsions; therefore, when making contact prints from sharp nega- 
tives of biological subjects, for example, it is often necessary to get as good 
contrast as required in graphic art work. To accomplish this effectively and 
without the use of a vacuum, a strong spring contact printing frame can be 
employed to hold the negative and paper. This frame is held at a distance of 
about 6 or 8 feet from a light source approaching a point, such as an automobile 
headlight lamp or a clear bulb Mazda lamp. In this way an almost parallel 
light is used that has less tendency to spread the image detail when the shadow 
image of the negative is formed on the surface of sensitized paper. 

In contact printing it is imperative to use glossy paper if the foregoing 
conditions are to mean anything. Intimate and uniform contact against a rough 
surface paper is indeed difficult, if not impossible. 

In projection printing a more serious problem arises in attempting to re- 
tain in the enlarged print all the detail in the original negative. To begin with, 
the resolution of detail in a negative can easily give an appearance of absolute 
sharpness and yet upon projection it may break down. Such a condition is 
often experienced in amateur box camera photography. Visually, box camera 
negatives can be very sharp and can give contact prints that appear sharp. 
However, upon enlarging any negative image made with a simple lens, definition 
progressively decreases, assuming a constant print viewing distance. The 
real limiting factor is the acuity of the visual mechanism. It is well known 
that the optics of the human eye is imperfect; nevertheless, an acuity cor- 
responding to a resolving power of about 150 lines per inch is not uncommon. 
When the details of a print from a given viewing distance appear fuzzy, it is 
obvious that the photographie sharpness limit has been exceeded. Contact 
prints ean be well within the sharpness limitations of the eye, but unless nega- 
tives of a high order of definition are acquired and this carried through to the 
print, not many diameters of enlargement are permissible before the eye will 
be eapable of detecting fuzziness. If the viewing distance is increased, a visual 
improvement is naturally effected from the standpoint of visual sharpness only, 
for an inerease in detail does not accompany this improvement. 

The elements of projecting negative images in order to retain as much 
definition as possible may be listed for convenience, since most of them are 
self-explanatory. They are: ; 


1. The type of enlarger 
a. Diffusion types give softer images 
b. Condenser types give sharper images 
2. The amount of scatter and extraneous light within the enlarger system 
a. Small negatives should be masked off 
b. The interior must be as nonreflecting as possible 
3. The lens 
a. Should be of high quality. 
b. Should be free of dust and surface scum 
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c. Should be stopped down to the point of greatest sharpness. This 
can be determined by means of a focusing tester, which is simply 
a negative of high contrast having clean-cut details that enable 
a sharp focus to be seen. This is aided further by the use of a 
magnifier. 


In conclusion, it is evident that if optimum sharpness is to be attained, con- 
siderable care must be exercised, for fewer problems are critically concerned 
with equipment and materials than are dependent upon pure technique. 





Erratum 


On page 1158 of the April number of the JouRNAL in the article by Evan 
W. McChesney, Ph.D., Kimball D. Sprague, A.B., and Irvine H. Marshall, M.D., 
entitled ‘‘The Effect of Sulfanilamide on Acid-Base Balance,’’ the twelfth line 
should read: ‘‘In this sample the hydroxyl-ion concentration has increased 
twentyfold from the previous sample’’ instead of ‘‘In this sample the hydro- 
gen-ion concentration has increased twentyfold from the previous sample.’’ 
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LYMPHOBLASTOMA, Follicular, Baggenstoss, A. H., and Heck, F. J. Am. J. M. Se. 200: 
17, 1940. 


A clinical and pathologic entity variously called ‘‘giant follicle hyperplasia of lymph 
nodes and spleen,’’ ‘‘giant follicular lymphadenopathy,’’ and ‘‘ follicular lymphoblastoma’’ 
has been described in the literature in recent years with increasing frequency. The condi- 
tion is characterized by an insidious onset with regional or general lymphadenopathy, 
splenomegaly, the absence of anemia or 
sensitivity of the lesions. 


abnormal cells in the blood, and by the great radio- 
The average duration of life after the appearance of the disease 
is four and a half years, but two patients have lived as long as seventeen years with this 
disease. 


The characteristic histologic changes occurring early in the disease consist of an in- 
crease in the number and size of the follicles of the lymph nodes and of the Malpighian cor- 
puscles of the spleen. There is a tendency toward fusion of the follicles, and the lymphatic 


sinuses are generally narrowed or obliterated. 

There is a superficial resemblance between the histologic appearance of follicular 
lymphoblastoma and the histologic appearance of hypertrophy of the secondary centers of 
lymph nodes resulting from toxic or inflammatory conditions. 
enable the histopathologist to distinguish the two conditions are outlined. 


The histologic criteria which 


In certain rare instances in which the histologic appearance is not typical of either 
follicular lymphoblastoma or inflammation, it may be wise to reserve diagnosis and merely 
to use a descriptive, noncommittal term, such as ‘‘ follicular hypertrophy,’’ to denote the condi- 
tion. Subsequent observation and biopsy frequently will bear out the suspicion that the 
condition in question is an early instance of follicular lymphoblastoma. 


The differential criteria listed are: 


HISTOLOGIC DIFFERENCES BETWEEN FOLLICULAR LYMPHOBLASTOMA AND 
INFLAMMATORY HYPERPLASIA 


Follicular Lymphoblastoma Simple hyperplasia of inflam- 
matory or toxic origin 


Follicles 


Interfollicular Tissue 


< 


‘Larger and more numerous 
Closely packed 
Diffuse throughout node 


Frequent in medulla 
Uniformly large 
Tend to fuse 


fCells densely packed 
Condensation of reticulum 
Sinuses narrowed or blocked 
Slight proliferation of retic- 





L ular cells 
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Smaller and less numerous 

Scattered : 

Arranged around cortex in con- 
centric rows 


Few in medulla 
Vary in size 
Discrete 


Cells scattered 

Loose reticulum 

Sinuses open, often dilated 

Marked proliferation of reticu- 
lar cells 





1396 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


SPUTUM, Aspiration of, From Adults, Auger, W. J. J. A. M. A. 115: 1186, 1940. 

A brief study was carried out on 13 adults with pneumonia who reputedly could not 
cough or bring up satisfactory sputum for examination. 

In all 13 cases sufficient sputum was obtainable from either the larynx or the naso- 
pharynx by the use of the aspiration method. 

No advantage was found in nasopharyngeal secretions as compared with secretions 
from the larynx in the typing of pneumococci in pneumonia among adults. 

The laryngeal aspiration method of collecting sputum, whether obtained by syringe 
and finger valve or by a sputum trap and machine suction, has been suggested for adults 
when voluntary efforts at expectoration have failed. This method is also recommended for 
obtaining sputum from tuberculous patients. 

It is suggested that the person who examines the sputum in the laboratory should 
obtain the sputum. 


BRUCELLA, An Evaluation of the Opsonocytophagic Test, Wise, B. Am. J. M. Sc. 200: 
520, 1940. 


The usual range of the Brucella opsonocytophagic index in normal individuals, as ex- 
pressed by the index number, is from 0 to 30. 

A positive Brucella opsonocytophagic index is specific, that is, the individual’s blood 
that is positive for Brucella does not phagocyte other organisms to any considerable degree. 

A significant difference in the phagocytosis of nonencapsulated and encapsulated strains 
of Brucella organisms exists, and should be considered when this test is carried out. 

The Brucella opsonocytophagic index has its greatest usefulness in indicating contact 
with Brucella organisms and, of the usual laboratory tests, is the single most useful test 
for survey work. 

The Brucella opsonocytophagic index is not diagnostic of active Brucella infection and 
may be negative when active infection exists. 


TUBERCLE BACILLI, Demonstration of, Steenken, Wm., Jr. Am. Rev. Tuberc. 42: 548, 
1940. 


An alcohol-precipitated protein from pleural fluid and white of egg has been recom- 
mended for sedimenting tubercle bacilli from urine and spinal fluid in place of tannic acid. 

The sedimented protein is soluble in 4.0 per cent sodium hydroxide. It gives a straw 
color which does not interfere with color change of the indicator used for adjusting the pH. 

The protein is not inhibitory to the growth of the tubercle bacillus as the tannates are. 

The method follows: 

Preparation of protein: All glassware used in the preparation of the protein must 
stand in cleaning solution (mixture of sulfuric acid and potassium dichromate) overnight. 

Clear colored pleural fluid, filtered through paper and centrifuged at high speed for 
a half hour, was diluted with an equal volume of distilled water and passed through an 
‘*N’’ Berkefeld filter... This filtrate was sterilized at 60° C. for one hour, and the protein 
was precipitated by the addition of three volumes of 95 per cent alcohol for every volume of 
pleural fluid. The resulting mixture of precipitated protein and aleohol was allowed to 
stand in the icebox overnight, at the end of which time the alcohol was decanted and the 
remaining protein washed three times with equal volumes of 95 per cent alcohol. Finally 
it was centrifuged and the resulting sediment was suspended in 50 per cent aleohol, then 
it was diluted so that each cubic centimeter contained 50 mg. dry weight of the protein. 


It was then sterilized at 50° C. for one hour and stored in the icebox until ready for use. 


The protein may also be prepared from the white of egg using the same procedure, 
only it is recommended that the eggs be fresh and that the whites be dissolved in an equal 
volume of water before precipitating with the alcohol. 

Treatment of specimen: A twenty-four-hour specimen of urine is collected in the 
usual manner, and for every 100 ¢.c of urine, 1 ¢.c. of the protein suspension is added. 
The resulting mixture of protein and urine is allowed to stand in the icebox for twenty-four 
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hours. At the end of this time most of the protein will have sedimented to the bottom of 
the bottle carrying the tubercle bacilli with it. The supernatant urine is then siphoned off 
and the sediment is centrifuged at high speed for ten minutes to free it of the residual urine. 
The sediment is taken up with an equal volume of 4 per cent sodium hydroxide and placed 
in the incubator for half an hour. The digested material is then centrifuged at high speed 
and the supernatant fluid is decanted. The sediment is neutralized to pH 7.0 with tenth- 
normal hydrochloric acid containing phenol red, when it is ready for smear culture or animal 
inoculation. 

Tubercle bacilli may be recovered from spinal fluid by the addition of 0.1 ¢.c. of protein 
for every 10 ¢.c. of spinal fluid. The mixture is then centrifuged at high speed. The sedi- 
ment is now ready for smear culture or animal inoculation. 

Fluids of higher specific gravity that are miscible with water may be sedimented if 
diluted with sterile distilled water. Other alcohol-precipitated proteins may also act as 
sedimenting agents. 

The criticism may arise that the pleural fluids used to prepare the protein may have Hy 
been contaminated with a few tubercle bacilli, but such organisms would be dead. The "I 
necessary check of all positive urine or spinal fluid smears by culture of guinea pig inocula- 













tion would remove this objection. 






COVER SLIPS, A Practical Substitute for, Norris, J.C. J. A. M. A. 115: 1099, 1940. 









aed 


Norris recommends plastacele securable in sheets (C-12-7511-sheet 20 by 50 inches 
by the E. I. DuPont Co., 626 Schuyler Avenue, Arlington, N. J., at $1.00 per sheet). One 
sheet can be cut into about 1,000 cover slips. 








TUBERCULIN REACTION, The Instability of, Dahlstrom, A. W. Am. Rev. Tubere. 42: 
471, 1940. 









The dispensary records of 3,919 members of 513 families under observation from five 
to fifteen years were examined to determine whether the tuberculin reaction, once established, 
remains constant, and, if not, to determine the circumstances of inconsistency, with particular 
reference to the original intensity of. the reaction, the degree of exposure to tuberculosis, 
the presence of tuberculous lesions, race, age, and sex, and finally the season of the year. “a 

Of the group examined, 2,490 were positive to tuberculin in at least one examination, 
and 276, or 11.1 per cent of these, passed from the positive to the negative state during the 
period of observation in the dispensary. The lower the original degree of sensitiveness, the 
greater was the likelihood of reversal from positive to negative reaction. Only 0.4 per cent 
of 1,090 people giving a three-plus reaction to the standard first dose of tuberculin became 











tuberculin-negative, whereas the negative state supervened in 70 per cent of 185 persons, giving 





only a one-plus reaction to the second dose. 
The greater the degree of family exposure, the more likely a reaction was to remain 
positive. In families with no history of tuberculosis in any member, 24 per cent of the 






as 


members became negative, whereas among 63 reactors in families in which a patient with 
positive sputum resided constantly, only one person (1.6 per cent) became negative. 

The tuberculin reaction never became negative in the group under consideration in the 
presence of lesions of active reinfection type tuberculosis, but became negative in a small 
number of cases of tuberculous lesions of the type diagnosed by x-ray examination only. 








The list included 2 cases diagnosed as active childhood type tuberculosis, 5 cases with inae- 






tive or suspected reinfection type tuberculosis, and 11 cases with x-ray evidence of calcified 
childhood tuberculosis. Altogether, reactive capacity disappeared in 0.72 per cent of the 
total number of patients with recognizable tuberculous lesions of any sort. 

No significant correlation of instability of the tuberculin reaction with sex was dis- 
covered, but there was definite correlation with age. The overwhelming majority of the 
unstable reactors were children. Reversion to negative reaction proved rare in adult life. 
Race possibly played a part, but uncontrollable variables made definite determination impos- 
sible. When comparison was made of two largest racial groups, Italians and Negroes, the 
former appeared to react less intensely and to have more tendency to lose a sensitivity once 
it was conferred. 
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GRANULOMA, Systemic Reticulo-endothelial, Wallgren, A. Am. J. Dis. Child. 60: 471, 
1940. 


A description is given of two clinically and anatomically investigated patients with 
systemic reticulo-endothelial granuloma, they being 4 months and 2% years of age, respec- 
tively. These cases, which essentially show great similarities, occupy intermediate positions, 
one of them between so-called infectious reticulo-endotheliosis and Letterer-Siwe disease, and 
the other between the latter malady and Schiiller-Christian disease. 


These three types of systemic reticulo-endotheliosis, hitherto regarded as different dis- 
eases, are discussed, and reasons are advanced to show that the distinguishing features be- 
tween the two first mentioned are rather arbitrary and nonessential, and that the anatomic 
and clinical dissimilarities that may exist between nonlipoid reticulo-endotheliosis and Schiiller- 
Christian disease are easily explained by the difference in age of the patients, the unequally 
malignant or benign course, mainly due to this difference in age, and the different localization 
of the morbid changes. Transitional types are found between characteristic cases of Schiiller- 
Christian disease and Letterer-Siwe disease and also between those of the latter and so-called 
infectious reticuloendotheliosis. 


ANEMIA, ‘“Target-Cell,’’ Dameshek, W. Am. J. M. Se. 200: 445, 1940. 


In an Italian youth with hypochromic anemia, splenomegaly, and a hemolytic type of 
icterus, unusual changes were discovered in the red blood cells and the bones. About a third 
of the red blood cells presented the appearance of ‘‘targets’’ or ‘‘bull’s eyes’’; these cells 
were unusually resistant to hypotonic solutions of sodium chloride. No nucleated red blood 
cells were present. Generalized osteoporotic changes with great thickening of the skull were 
present; in addition, a bony tumor arising from a rib encroached on the right upper lung. 
Target cells have been described in sickle-cell anemia, cirrhosis of the liver, chronic hypo- 
chromic anemia after splenectomy, and in other conditions. The present studies have shown 
that they are also common in Cooley’s erythroblastic anemia. 


The condition of ‘‘target-cell anemia,’’ as described in this papér, may be a formes 
frustes, an anerythroblastic type of Cooley’s erythroblastic anemia or a closely related condi- 
tion. The possibility is broached that Cooley’s anemia, sickle-cell anemia, and target-cell 
anemia are related conditions with target cells and increased saline resistance as common 
denominators. In Cooley’s anemia the target cell is probably a more fundamental abnormality 
than the erythroblast, and may represent the basic hereditary defect. In these atypical 
hemolytic states, a lack of response to splenectomy further differentiates them from most 
cases of congenital and acquired hemolytic icterus. 


Note: This condition has also been described by Wintrobe, Mathews, Pollack, and 
Dobyns (J. A. M. A. 114: 1530, 1940). 


HYPERTENSION, Orthostatic, McCann, W. S. J. A. M. A. 115: 573, 1940. 


In some instances of nephroptosis the erect posture may result in orthostatic elevation 
of the blood pressure, with diminution of the total renal blood flow and with relative con- 
sistency of glomerular filtration, though the ‘‘ filtration fraction’’ is increased. The clearance 
ratio of diodrast to inulin is decreased in erect posture as compared with that in recumbent 
posture. 

Patients with normal blood pressure and those with hypertension but without neph- 
roptosis did not exhibit these changes. 


Hypertensive patients should be studied with regard to the effect of posture on the 
blood pressure by comparing the pressure during ordinary activity with that found after a 
period of strict recumbency. Those in whom a marked orthostatic effect is demonstrated 
Should receive pyelographic’ study and treatment by appropriate support of the kidneys 
which are ptosed. Cerebral, ocular, and cardiac symptoms may be relieved by the stabiliza- 
tion of blood pressure which results from such measures. 
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TOBACCO, Cutaneous Manifestation From, Barksdale, E. E. J. A. M. A. 115: 672, 1940. 





It has been proved by other workers and the author that tobacco contains arsenic. It 
is common knowledge to those living in a tobacco section that farmers freely use lead 
arsenate as an insecticide to kill the norn worm. Nothing has been done or probably can 
be done in either the agricultural or manufacturing process to remove it. A series of cases 
with exfoliative dermatitis and positive blood arsenic, whose sources of arsenic were thought 
to be tobacco, was observed. The blood in a series of cases of severe dermatoses and normal 
individuals has been analyzed for arsenic and found to be negative, even though the patients 
were heavy smokers. It is thought that there is a sufficient amount of arsenic in tobacco 
to have a very detrimental effect in cases of postarsphenamine dermatitis. 

It is realized that the Gutzeit test may not be sensitive enough to determine a difference 
in the blood arsenic of smokers and nonsmokers. 

It is believed that patients get this dermatitis because they are hypersensitive or 
allergic to arsenic. 

This paper has attempted to present a theory. Its ultimate proof depends on the 
collaboration of other workers. 

















SULFAPYRIDINE, Pathologic Changes Following Prolonged Administration of Sulfa- 
thiazole and, Rake, G., van Dyke, H. B., and Corwin, W. C. Am. J. M. Se. 200: 
353, 1940. 

















Sulfathiazole when given as 2 per cent of the diet killed 77 per cent of mice during a 
four-week period and produced lesions chiefly in the spleen and genitourinary tract. Sulfa- 
pyridine was not lethal and produced fewer pathologic changes. 

In rats sulfapyridine was twice as toxic as sulfathiazole as shown both by the effect on 
the growth curve and by the lesions produced in the genitourinary tract. 

In monkeys receiving a single daily dose sulfapyridine was more toxic than sulfa- 
thiazole, as shown by the lesions in the genitourinary tract and, to a lesser extent, by loss 
of weight and leucopenia. 










LEUKOCYTES, Motility and Chemotaxis of, in Health and Disease, Mallery, O. T., Jr., 
and McCutcheon, M. Am. J. M. Se. 200: 394, 1940. 











The activity of polymorphonuclear leucocytes from a series of patients acutely ill, 
most of them with infections, was compared in vitro with that of the observer’s leucocytes 
and of leucocytes from patients not acutely ill. Decreased rate of locomotion and less direct 
approach to bacteria were shown by leucocytes of the acutely ill persons. In leucocytes of 
some patients who were gravely ill decline in motility and chemotactic response was progres- 
sive, whereas the observer’s leucocytes maintained their activity unimpaired for hours. The 
functional changes observed would tend toward lowering resistance to infection. These 
experiments emphasize the fact that in severe illness the function not merely of whole 
organs but of individual cells is depressed, and they afford a method for quantitative 
measurement of changes in cellular function. 
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Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, 201 West Franklin Street, Richmond, Va. 








Haemorrhoids and Their Treatment* 


ELL written, easy to read, this book is short, concise, and well translated. The author 

takes up the various anorectal conditions one by one, discussing the etiology, pathology, 
and treatment of each. The sections on etiology present a new concept which is of interest. 
It is brought out that the underlying cause of hemorrhoids, anal fissure, fistula in ano, pruritus 
ani, and rectal prolapse is a congestion of the portal circulation. The author maintains that 
all are merely symptoms of the same condition. He further points out that all respond to the 
treatment, namely, injection of a sclerosing solution around the hemorrhoidal veins. A chapter 
is included on the instruments necessary for injection treatment. 

The book contains many well-reproduced color photographs and drawings in addition to 
elear-cut black and white illustrations. 





The Practice of Medicine+ 


LTHOUGH the first edition of this volume appeared as recently as 1936, it has been 

necessary to put out a new edition every two years, this being the third. This volume 
has several unusual features. It contains practically fifteen hundred pages. It is more 
abundantly illustrated than any other textbook on the practice of medicine, there being 562 
illustrations, 48 of them in color. This is the first medical text using the new green tinted 
paper which reduces glare and eyestrain. The discussion of individual diseases is broader 
than in other similar texts in that discussion includes illustrations which are usually found 
in texts on physical diagnosis and clinical pathology. In other words, the discussion is broader. 
At the same time there is no superfluous verbiage, the textual presentation being very succinct. 
This volume may be highly recommended. 


Foundations of Short Wave Therapy+ 
INCE short wave therapy is based on physical, technical, and medical principles, it is 
fortunate that collaboration of a physicist and a physician led to the production of this 
book. A short introduction to the physicial theory of oscillations is given, followed by the 
most important methods of measurement for technicians and doctors. Important considerations 
about the choice of apparatus are mentioned. The medical section contains a review of the 


*Haemorrhoids and Their Treatment: The Varicose Syndrome of the Rectum. By Kasper 
Blond, M.D., Vienna, Formerly First Assistant, Rothschild Hospital, Vienna; Hon. Consulting 
Surgeon, Municipal Hospital, Vienna. Translated by E. Stanley Lee, M.S., F.R.C.S., Hon, As- 
sistant Surgeon, Westminster Hospital. Cloth, 140 pages, $4.50. A William Wood Book. The 
Williams & Wilkins Co., Baltimore, 1940. 

+The Practice of Medicine. By Jonathan Campbell Meakins, M.D., LL.D., Professor of 
Medicine and Director of the Department of Medicine, McGill University ; Physician-in-Chief, 
Royal Victoria Hospital, Montreal; Formerly Professor of Therapeutics and Clinical Medicine, 
University of Edinburgh; Fellow of the Royal Society of Edinburgh; Fellow of the Royal Society 
of Canada; Fellow of the Royal College of Physicians, London; Fellow of the Royal College of 
Physicians, Edinburgh; Fellow of the Royal College of Physicians, Canada; Fellow of the 
American College of Physicians. Cloth, ed. 3, 1430 pages, with 562 illustrations including 48 in 
color, The C. V. Mosby Company, St. Louis, 1940. 

tFoundations of Short Wave Therapy. Physics—Technics—Indications. An Introduction 
to the Physico-Technical Principles and Medical Applications of Short Electric Waves for 
Physicians and Biologists. Physics and Technics. By Wolfgang Holzer, Dr. Ing., Assistant in 
the Physiological Institute of the University of Vienna. Medical Applications. By Eugen 
‘Weissenberg, Dr. Med., Medical Superintendent of the Short Wave Section of the University 
Clinic for Nervous and Mental Diseases in Vienna. Translated by Justina Wilson, F.R.C.P. 
Edin., D.M.R.E. Cantab., and Charles M. Dowse, B.Sc. Eng. Lond., A.M.I.E.E. Cloth, 228 pages, 
with 53 illustrations and 10 tables, $5.00. Distributed by Chemical Publishing Company, Inc., 
148 Lafayette St., New York. 
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whole field of indications for short waves. Diseases of the skin, such as varicose eczema and 
localized suppurating inflammations, inflammations of the soft tissues, and diseases of bones 
and joints are particularly amenable to short wave therapy. It is remarked that gonococcal 
arthritis reacts especially well. Diseases of the lungs, including asthma, are also said to re- 
spond. It would appear that there is no diseased organ system that cannot be benefited to a 
greater or lesser extent by this technique. The book is ably translated and contains a very 
complete bibliography. It is felt that. this is an excellent presentation and will be of equal 
value to clinicians and experimental workers. 





Clinical Parasitology* 


I ewe second edition of this book is most complete and extremely well illustrated. 

While older books on human parasitology have classified parasites on the basis of their 
location or the manner of their activity in the human body, the classification in this volume is 
in accordance with the international code of zoological nomenclature. This same trend toward 
more scientific classification is seen in bacteriology, mycology, and allergy. It represents a 
natural scientific evolution and facilitates precision in discussion. 

The volume goes farther than the older writings on human parasites, including not only 
protozoa and helminths, but also the arthropods, spiders, lice, bees, flies, fleas, and similar 
animal parasites or enemies. 

A technical appendix provides ample instruction for laboratory study. 





Histological Technic} 


S STATED by the author in his preface, the major purpose of this work is to present 
modifications of methods of tissue fixation, section-making, and staining which in his 
experience make the results more quickly available to the pathologist. Consistent with this 
aim, Krajian not only presents the generally accepted methods but also seventeen of his own 
modifications. 
The book is well illustrated, reasonably small, and easy on the eyes because of the new 
type paper with a slightly greenish tint that reduces glare. It should become a useful and 
valuable laboratory handbook. 





Bacillary and Rickettsial Infections. Acute and Chronici 


HIS volume has a really new approach, Although history, epidemiology, prevention, 
symptomatology, diagnosis, and treatment are included under the various diseases, the 
history of the development of our present understanding is given major prominence. The 
volume is one which may be read for pleasure when one is relaxed and desires to broaden 
the horizon of his understanding of the problems of medicine as they have been solved through- 
out the centuries. 
Marginal notations appearing as inserts are abundant and facilitate immediate orienta- 
tion for those who may wish to refer to some specific phases of the discussion, 
As indicated in the title, the coverage is of bacillary and rickettsial diseases, and does 


not inelude virus diseases or other forms of bacterial infection. 


*Clinical Parasitology. By Charles Franklin Craig, M.D., M.A. (Hon.), F.A.C.S., F.A.C.P., 
Col. U. S. Army (Retired), D.S.M., Emeritus Professor of Tropical Medicine in the Tulane Uni- 
versity of Louisiana, New Orleans, La.; and Ernest Carroll Faust, M.A., Ph.D., Professor of 
Parasitology in the Department of Tropical Medicine, Tulane University of Louisiana, New 
Orleans, La. Cloth, ed. 2, thoroughly revised, with 244 engravings, 772 pages, $8.50. Lea & 
Febiger, Philadelphia, 1940. 

tHistological Technic. Including a Discussion of Botanical Microtechnic. By Aram A. 
Krajian, Department of Pathology, Los Angeles,County General Hospital, Los Angeles, Calif. 
— c—e- with 44 text illustrations and 7 color plates. The C. V. Mosby Company, St. 
4ouis, 19 . 

tBacillary and Rickettsial Infections. Acute and Chronic. A Textbook. Black Death to 
White Plague. By William H. Holmes, Professor of Medicine, Northwestern University Medical 
School, Chairman, Department of Medicine, Passavant Memorial Hospital, Chicago. Cloth, 675 
pages, $6.00, The Macmillan Company, New York, 1940. 
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The Biological Reaction* 


f ona reader will be astonished to find that despite this general title the authors are only 
discussing tuberculosis. Of course, they approach their subject from a general point of 
view. It is obvious that for them tuberculosis, as the disease with which they both are most 
familiar, serves only as an example to demonstrate how the complexity of the various factors 
involved in the biological reaction of the organism against a disease can be analyzed. The 
results of their analysis of the reaction of tuberculosis patients and animals, if correctly in- 
terpreted, are highly important for the treatment and prophylaxis of this disease. In the 
first part of the book, Hofflin (Victoria, Canada) gives the theoretical arguments and the 
mathematical proofs for their method of expressing the ‘‘ biological reaction’’ in figures. A 
series of six to ten differential leucocyte counts (classification of Schilling) are made at 
intervals of two hours in order to interpret the oscillation of the biological reaction. The 
minimal and maximal differences of the various counts with one another, and the deviations 
of their average values from the standard values are the basis for the calculation of figures 
expressing seven variables of the biological reaction: extensity of foci, intensity of foci, 
allergy, general resistance, specific resistance, index of immunity, and metabolic index. These 
figures are then analyzed by means of a Fournier series and their correlations are represented 
geometrically in graphs with logarithmic scales (secondary analysis). To complete the 
functional analysis, two series of differential counts are made on two consecutive days, one 
before, the second after, an intracutaneous tuberculin injection. Both their graphical repre- 
sentations are compared and interpreted concerning their relative position to one another ac- 
cording to Hofflin’s experience with cattle tuberculosis. In the second part of the book, 
Bucher (Ziirich, Switzerland) reports the clinical proofs and the practical application of the 
new method for the diagnosis and prognosis of human tuberculosis. The third part of the 
book is entitled ‘‘Quantum Diagnostic. Foundations of a Modern Tuberculosis Therapy and 
Prophylaxis. Practical and Theoretical Conclusions.’’ An ‘‘active’’ gold preparation 
(erysatox, described as a gold-sodium-sulfur combination) combined with a ‘‘ biological 
carrier’’ (ompotan, the chemical nature of which the authors do not even intimate) is given 
intravenously or orally. Not only good clinical results are reported, but the new diagnostic 
method of the authors gives the possibility of finding out the favorable moment at which the 
therapy has to start, and of demonstrating later on the improvement in the biological reaction 
of the patients. While this therapy is declared to be a specific one, the prophylaxis proposed 
and tried with success by the authors on animals and patients has as its aim to raise the non- 
specific immunity without producing allergic reactions as proved by their new ‘‘ quantum 
diagnostic.’’ The prophylaxis consists in feeding a complex emulsion of large molecular 
lipoids, proteins, and polysaccharides, of which no further descriptions are given. 


Without doubt the authors discuss many very interesting and important observations. 
However, only few readers will be able to follow their train of thoughts and understand and 
accept their conclusions. Unfortunately, the mathematical part is kept so brief that it will 
be difficult for the average physician to understand it, and especially to realize why one has 
to assume that the various proposed formulas can express allergy, immunity, resistance, etc. 
The experimental and clinical evidences offered are not convincing enough to vindicate such 
comprehensive theories, 


—Ernst Fischer, M.D. 





*The Biological Reaction. A functional analysis and synthesis of biometrical figures for 
the determination of allergy, general resistance, specific resistance, extensity of the disease, 
extensity of active foci, and immunity. (Die Biologische Reaktion. Eine funktionelle Analyse 
und Synthese biometrischer Werte zur zahlenmaessigen Erfassung von: Allergie, allgemeiner 
Resistenz, spezifischer Resistenz, Krankheitsintensitaet, Extensitaet aktiver Herde, Immunitaet.) 
Hans Huber, Bern, 1939. 





